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Executive summary 
 

Rationale  
 

Groundwater is the main source of irrigation for increasing crop production as well as for climate change 
adaptation owing to sustainable agricultural intensification in the northwest region of Bangladesh. 
Knowledge of the groundwater-surface water interaction reveals that changes in one affect the other. 
Availability of groundwater for irrigation has contributed to manifold increases in crop productivity of 
Bangladesh, particularly in northwest region. However, the overwhelming population, food insecurity, 
poor water management and below average rainfall are putting unprecedented pressure on groundwater. 
Very often it is a common concern that groundwater table in the northwest region is gradually declining 
causing anxiety for the expanded irrigation system in the area. This study has identified some key factors 
which create impediments to sustainability of groundwater use for irrigation, and relevent policies have 
been suggested to sustainable use of groundwater in northwest region of Bangladesh.  
 
Methods 
Study area: The study was conducted in five districts namely, Rajshahi, Dinajpur, Rangpur, Bogra and 
Pabna in northwest region of Bangladesh  
 
Data source: We used both primary and secondary data as per requirements of the sustainability indicators 
in environmental, economical and social, and criteria mentioned in the introduction section. Primary data 
were collected through survey based on the preliminary analysis of time series data. From each area (one 
upazila from each district), 30 farms were chosen under three farm size categories (marginal, small, 
medium/large) covering major 5 dry season crops. The total samples were 450 from study areas (five 
upazilas) where marginal, small and medium/large farms were 30 in each category from each upazila.  
 
Cost data of major five dry season crops: Data on item-wise cost of major five dry season crops 
(including hired labour, family labor, land rental, fertilizer disaggregated by type, irrigation cost, 
pesticides, seeds, machine rental, etc) produced and outputs received were collected using structured 
questionnaire.  
 
Groundwater table data: Time series data of groundwater table (GWT) depth from 1981 to 2011 were 
collected from BWDB, BADC and BMDA.  
 
River water level and discharge data: River water level and discharge data (daily) were collected from 25 
stations of BWDB for 1981-2011. Maximum and minimum of the year and mean monthly average 
(January-May) of river water level and discharge data were calculated.   
 
Climatic data and satellite image: Temperature and rainfall data were collected from Bangladesh 
Meteorological Department situated in the Barind tract. The satellite image downloaded from the MODIS 
website (http://modis.gsfc.nasa.gov/) covering a period from January to April 2011 and processed for the 
study. For estimating changes of wetland area, three images of Landsat 4 TM, Landsat 7 ETM+, Landsat 
5 TM dated 19 January 1989, 19 February 2000 and 19 February 2010 downloaded from 
www.earthexplorer.usgs.gov were used for estimating change in wetland.  
 
Analysis: Data were analyzed using SPSS 16.0 and MS Excel. Besides, ILWIS 3.4 and Arc GIS 9.2 
software were used for image processing and analysis. For estimation of crop Evapotranspiration (ET), 
SEBAL and Penman-Montieth methods were used.  
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Key Results  
 

 The findings reveal a declining trend of groundwater table over the last 30 years (1981-2011), which 
implies groundwater use is not sustainable in the study area. The severely depleted district has been 
identified as Rajshahi followed by Pabna, Bogra, Dinajpur and Rangpur. The magnitude of the 
decline in groundwater table has been found between -2.3 to -11.5m during the study period. This 
mainly attributes to over exploitation of groundwater than recharging aquifer.  

 

 Shallow tubewells and deep tubewells are the major groundwater lifting devices in the study area. 
Study results reveal that intensity of tubewell use increased in manifolds – the area per unit of 
tubewell has drastically reduced from 14.5 to 2.8 hectare during 1984-85 to 2010-11 indicating 
number of tubewell increased 8.5 times more where irrigated land increased 1.6 times only.  

 

 Analysis also reveals declining trend of yearly fluctuation of surrounding river water label and 
discharge of northwest region of Bangladesh over time. On an average, river water level and 
discharge decreased from 20 to 19m and 90.8 to 56.9m3/sec respectively during 1981 to 2010. The 
findings also show that the declining trend of mean annual river water level is positively associated 
(R2=0.6) with decreasing trend of groundwater table.  

 

 A decreasing trend in wetland area has been found in the study area where around one-third of total 
wetlands had been lost during 1989-2010. However, the rate of decrease was much lower in 2000-
2010 than 1989-2000. The findings also show a recurrent below average rainfall over the year. For 
groundwater recharge, rainfall and flood are two major contributors where wetland plays as media for 
continuously recharging aquifer.  

 

 Crop areas, particularly of boro rice, have increased sigingicantly over time. This may have been 
caused because of expansion of groundwater facilities. It is important to note that the rate of increase 
of boro area was exceptionaly high between 1980/81-2000/01 and marginal during the last decade 
(2000/1- 2010/1). The area of ten major crops has increased three times where boro area alone has 
increased around 17 times in 2010-11 than that of 1980-81. Boro area has increased highest in 
Rangpur followed by Rajshahi, Dinajpur, Bogra and Pabna districts overtime.  

 

 Defects in the present irrigation water management system have been identified. The study revealed 
that 78.7% of the lifted water is important for boro rice production and the rest 21.3% was considered 
as excess water which was calculated from lifted water minus irrigation water requirement to crops. 
The study revealed that this excess water increases irrigation as well as production cost. Analysis also 
reveals that 68% of the groundwater is lifted by shallow tubewell and rest by deep tubewell. The 
amount of lifted water as well as excess water was found highest in Badarganj upazila of Rangpur 
district and least in Dhupchachia upazila of Bogra district.  

 

 Analysis also reveals that due to non-availability of surface water, farmers were bound to lift 
groundwater which increases irrigation cost. Also gradually price hike of agricultural inputs like fuel, 
electricity, agrochemicals, rent of land, labour, etc. the ultimate production cost is on rise threatening 
the overall sustainability of agricultural production of the northwest region of Bangladesh. Economic 
analysis also shows that due to gradual lowering of groundwater table, irrigation cost has been 
increasing because of more cost on fuel and labour leading to increase of production cost. Cost of 
irrigation also found different considering ownership of the tubewell (i.e. public and private), type of 
fuel (diesel or electricity), type of tubewell (STW or DTW).  

 

 The cost of excess water lifted by DTW has been estimated to be Tk. 2,201-7,075.8 per hectare and 
Tk 7,547.5-10,058.4 for STW. The cost of irrigation by privately owned tubewells was much higher 
than that of government tubewells and cost was also higer in case of disesel than electricity driven 
pumps. The irrigation cost from private tubewells was between Tk. 15,000-33,000 per hectare while 
for public tubewell it ranges between Tk 7,500-11,250. Lowest irrigation cost was found in Godagari 
upazila of Rajshahi district where water is paid by volume using a pre-paid meter. Analysis reveals an 
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increasing trend of irrigation cost for boro production which was Tk. 3,943 in 1989 and three times 
higher in 2011. If this trend is continued then it is predicted that irrigation cost would be Tk. 16,816.3 
in 2031- which is 4 times higher than the cost of 1989 in case of public tubewell.  

 

 For financial and economic profitability, the study reveals that net return was found positive for all 
the studied crops. Highest benefit cost ratio was calculated for lentil followed by wheat and mustard. 
The domestic-to-border price ratio of studied crops was less than unity and significantly negative 
except mustard for investigated years. The estimates of DRC show that Bangladesh had comparative 
advantage in the production of all the studied crops. The findings implied that production of potato 
and lentil would be highly efficient for import substitution.  

 

 The survey and the FGDs with farmers reveal that 73% of them were well aware of lowering of 
groundwater level in their agricultural fields, while 53% of farmers complained that they did not get 
enough water during the irrigation period. Over 88% of the farmers were well aware of excessive 
pumping. Drying of local water bodies and rivers are noted by almost every one. Groundwater is 
invisible and remains beneath the surface. Awareness of farmers, local people as well as the educated 
ones still is in infancy. The water cycle, its interdependence of surface and groundwater, ecological 
balance and its services, quantity and quality, supply and demand, and above all the sustainability of 
the system as a whole, is poorly understood.  

 

Conclusion  
 

Sustainability of groundwater use for irrigation in northwest Bangladesh has been identified as a matter of 
concern from this study. The key impediments to sustainability of groundwater use for irrigation has been 
identified as over exoplotation of groundwater, increase of boro rice cultivation, excess water use in 
irrigation, depletion of surface water including river water level and discharge, reduction of wetland 
areas, below average rainfall have caused the groundwater level fall to the extent of not getting fully 
replenished in the recharge season causing overdraft in northwest Bangladesh.  
 

The findings reveal positive net return for all the studied crops. Highest benefit cost ratio was calculated 
for lentil followed by wheat and mustard. The domestic-to-border price ratio of studied crops was less 
than unity and significantly negative except mustard for the period under study. The estimates of DRC 
showed that Bangladesh had comparative advantage in the production of all the studied crops. The study 
findings implied that production of potato and lentil would be highly efficient for import substitution. So, 
Bangladesh will need to enhance its supply-side capacity and pursue a broad-based diversified 
agricultural production and export strategy. 
 

To achieve food security, the ecological approach with strong community participation is missing in using 
groundwater for irrigation. The use of groundwater should be ecology-friendly based on sound policy on 
recharge of groundwater through conservation and community participation. A focal-point organization at 
national level should be identified for planning and execution of concerned activities. It is also imperative 
to follow best irrigation management practices and climate change adaptation techniques for sustainable 
use of groundwater. 
 

Policy level interventions are necessary to achieve sustainable use of groundwater for irrigation aiming to 
to achieve food security and ecological balance. Policy formulation on water resources need to be well 
planned with specific time frame and should be in line with basic policies like National Water Policy, 
National Agriculture Policy, Plan of Action on NAP (2008-2015), National Food Policy, Country 
Investment Plan, National Adaptation Plan of Action, National Sustainable Development 
Strategies, Bangladesh Climate Change Strategy and Action Plan 2009, and so on. Planning, 
development and management of groundwater and water resources as a whole should be done in line with 
the formulated policies and strategies. The study has identified a number of key areas for attaining 
sustainability of groundwater use, which will assist in achieving the sustainable food security of the 
country as well as protection of ecosystem.  
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Policy recommendation 
 

 

 To encourage high value crop rather than boro in the study area. Emphasis should be given on lentil in 
Pabna district and wheat (except Bogra), mustard and potato (except Rajshahi and Pabna) in other four 
districts because return is higher in these crops. Production of potato and lentil would be highly 
efficient for import substitution. 

 

 An estimated water budget should be prepared that includes recharge, extraction and change in storage 
in the aquifer (s). 

 

 Managed Aquifer Recharge should be undertaken as a national programme and strategy considering 
different regional contexts by adopting a series of activities like harvesting of surface and rain water 
and their storage and conservation through excavation of existing canals, ponds, khals, and water 
bodies in massive scale. 

 

 Local planners should consider recharge areas when planning land use that could reduce recharge or 
pose a risk to groundwater quality. 

 

 Strengthen appropriate monitoring organizations for tracking groundwater recharge, surface and 
groundwater use and improvement in surface and groundwater quality. 

 

 Regional cooperation can guarantee a sustained future in terms of water availability since the basin 
areas of the river systems is dissected by international boundaries. 

 

 Water User Association rooted strong small holder irrigation community should be given statutory 
powers to fix rate determined by WRAs/BADC/BMDA.  

 

 Irrigation water price should be determined as a rule on volumetric basis in order to meet equity, 
efficiency and economic principles. The WUA should fix the rate of irrigation cost from private 
tubewell which is much higher than public tubewells.   

 

 Optimization of command area of each DTW and STW though consultation with Water User  
Association where electric connection to pumps is the key component for regulation on GW use and to 
be realized phase-wise i.e., with short-term, medium-term and long-term planning.  

 

 Modern water management technology like alternate wetting and drying (AWD), water saving 
technology like hose pipe irrigation, drip irrigation, climate change adaptative technology such as 
drought tolerant crop variety, etc. would bear no value without carrying out irrigation volumetrically.  

 

 Awareness, campaign and advocacy on sustainable water management concepts, principles and 
methods. Department of Agriculture Extension can take a lead for this action.  

 

 Global Best Management Practices on GW might work as guidelines for going into action for the GW 
management of the country. 

 

 National Sustainable Development Strategies by the government is a good effort to achieve 
sustainability in all developmental activities specially GW resources of the country under one 
umbrella.  

 

 Effective coordination and sharing of groundwater data among local, regional and national level and 
improve data analysis and dissemination to the public. Data should be available from the established 
website to continually update new groundwater basin data.  

 

 To establish independent Water Regulatory Authority (WRA)/Groundwater Directorate (GD) or any 
other existing bodies like BADC, BMDA might be entrusted for establishing governance and 
management of GW resource to fix and regulate the water tariff system and charges as per Policy 
Framework. 

 

 Plan of Action in line with basic policies namely National Agriculture Policy 2010, National Food 
Policy 2006, Country Investmant Plan 2011, National Water Policy 1999, National Adaptation Plan of 
Action 2009, National Sustainable Development Strategies 2008, etc. might be formulated under 
proposed GD or WRA or exsisting BADC or BMDA on short-term, medium-term and long-term basis. 
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Acroynyms 
 

AWD  Alternate Wettting and Drying 
BADC  Bangladesh Agriculture Development Corporation 
BWDB  Bangladesh Water Development Board 
BMDA  Barind Multipurpose Development Authority 
CIP  Country Investment Plan 
DAE  Department of Agriculture Extension 
DRC  Domestic Resource Costs  
DTW  Deep Tubewell  
ET  Evapotranspiration 
GD  Groundwater Directorate 
GIS  Geographic Information System 
GM  Gross Margin 
GR  Gross Return 
NAP  National Agriculture Policy 
NAPA  National Adaptation Plan of Action  
 NFP  National Food Policy 
NPC  Nominal Protection Coefficient  
NPR  Nominal Protection Rate  
NSDS  National Sustainable Development Strategies 
NWP  National Water Policy 
NDVI  Normalized Difference Vegetation Index 
PET  Potential Evapotranspiration 
RS  Remote Sensing  
RWL  River Water Level  
STW  Shallow Tubewell 
TFC  Total Fixed Cost 
TVC  Total Variable Cost 
TFC  Total Fixed Cost 
WRA  Water Regulatory Authority 
WUA  Water User Association 
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Chapter I 
Introduction 

 
Groundwater is the most essential input for increasing crop production as well as for the sustainable 
agricultural development. Availability of groundwater for irrigation has contributed to manifold increase 
in crop productivity in Bangladesh. Increasing population, food insecurity, growing economies and poor 
water management are putting unprecedented pressure on the world’s freshwater resources (UNCSD 
2012). Groundwater irrigation has probably been the most dramatic development in Bangladesh 
agriculture during the past 25 years. The groundwater development project in Dinajpur district under 
northwest region was initiated in 1962 with installation of 381 deep tubewells (DTW). It was reported 
that, there were 1,378 DTWs, about 40,331 shallow tubewells (STW) and 66,400 hand tubewells (HTW) 
under operation by different user groups, but failed to bring all cultivable lands under irrigation. In 2004, 
6,047 DTWs, 70,000 STWs and other mode of irrigation were used in the area, which covers almost 57% 
of the total irrigable area (BMDA 2006). The remaining 43% of the irrigable area was planned to cover 
under DTWs installation project named ‘Groundwater model study for DTW installation project in Barind 
area’. In the recent years, Barind Multipurpose Development Authority (BMDA) has installed more than 
10,000 DTWs in Barind area of northwest region. In addition, quite a large number of STWs have been 
installed in this region by private initiatives (Ahmad et al. 2008). 
 
Studies found that the contribution of groundwater has increased from 41% in 1982-83 to 77% in 2006-07 
and surface water has declined accordingly. The ratio of groundwater to surface water use is much higher 
in northwestern districts of Bangladesh compared to other parts of the country. All the rivers and cannels 
of the area become dry during the dry season and make the people completely dependent on groundwater 
(Shahid 2008; Shahid and Behrawan 2008). The northwest region of Bangladesh broadly covers the 
whole Rajshahi and Rangpur divisions consisting of 16 districts with a total cultivable area of about 1.45 
million acres. BMDA has been operating about 13,000 DTWs together with other STWs (about 1,34,884) 
to provide irrigation facilities in the region. Different studies have documented that groundwater level 
declined substantially during the last decade causing threat to the sustainability of water use for irrigation 
in this region and impacting upon other sectors too (Jahan et al. 2010). Due to lack of proper knowledge, 
indiscriminate installation of pumps and non-availability of modern technologies, farmers inappropriately 
lift water without caring ground sources. These impacts upon interlinked sources of water table which is 
declining alarmingly in many areas of Bangladesh. Although the groundwater dominates the total 
irrigated area, its sustainability is at risk in terms of quantity in the northwest region (Simonovic 1997; 
Shahid 2011). Frequent shortage of water in the region has had impacts that can be ranged as economical, 
social and environmental (Takara and Ikebuchi, 1997; Sajjan et al. 2002; Dey et al. 2011).  
 
A recent study shows that groundwater level in some areas falls between 5-10 m in dry season and most 
of the tubewells fail to lift sufficient water (Dey and Ali 2010). Researchers and policymakers are 
advocating sustainable development as the best approach to today’s and future water problems (Loucks 
2000; Cai X et al. 2001). With groundwater development, fluctuations will amplify; but as long as rainfall 
is managed to recharge aquifers, and proactive water saving strategies are put in place, a steady and 
sustainable state can be achieved (IWMI 2010). In mainstream irrigation thinking, groundwater recharge 
is considered as a by-product of flow irrigation, but in today’s world, groundwater recharge needs to be 
understood on its first emergency for making groundwater sustainable integrating all possible options 
(IWMI 2010).  
 
Thus, groundwater use for irrigation has become increasingly important although cost of irrigation 
increased substantially. Cost effectiveness of using irrigation water for different crops in different regions 
needs to be examined so that the appropriate crops in terms of profitability may be grown in different 
locations. As per report of the International Rice Research Institute, irrigation efficiency in Bangladesh is 
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the lowest in the region, where the cost of irrigation is $117.60 per hectare compared to $25.58 in India, 
$17.94 in Thailand and $17.98 in Vietnam (The Daily Star 2008). Earlier studies have also revealed that if 
water was managed properly, Bangladesh could save additional amount of money equivalent to one-sixth 
of the total Bangladesh Budget for the Fiscal Year of 2003-04 (USD 8,962 million) (Dey et al. 2006a) 
and also similar to the ADP budget of  Bangladesh for FY 2009-10 (USD 4072 million). In most cases 
farmers do not know the actual amount of water necessary to fulfill the crop needs. Very conventionally, 
rice farmers everywhere have the tendency of keeping continuous standing water in rice fields which has 
three-fold effects, e.g. wastage of the scarce and vital water resource, increased irrigation cost, and 
uplifting excess underground water causing environmental degradation (Alam et al. 2009). Earlier studies 
on water management practices for rice production indicated that application of irrigation water after 
three days on disappearing of standing water did not reduce rice yield in Boro season (Kasem 2006). 
Although rapid expansion of the irrigated area has taken place over the last two decades, poor 
performance and low water use efficiency are still prevalent in the existing system (Dey et al. 2006b). 
Groundwater sustainability needs not only focus on the ability of the resource to produce key 
environmental services, also on the economic costs and impacts of equitable access that arises from 
reduced groundwater availability (FAO 2003; Alan et al. 2007). 
 

Finding sustainable solutions for water problems is a joint obligation for science and policy. Ecosystems 
and their groundwater interactions are often omitted from decision-making leading to a lack of investment 
in ecosystems, as well as depletion and degradation of groundwater resulting to a loss of economic value 
(Emerton and Bos 2004). The Michigan Groundwater Conservation Advisory Council (MGWCAC 2007) 
held a Groundwater Sustainability Workshop on March 26, 2007 to bring together recognized experts in 
the sectors of environmental integrity, economic development and social equity to develop a working set 
of indicators and criteria. The developed indicators and criteria would be used in this study for evaluation 
of sustainability of groundwater in the Northwest region of Bangladesh.  
 

However, taking into consideration of the above facts this study would use the latest technology like 
remote sensing for monitoring agricultural crops, land use, estimate evapotranspiration (ET), and 
correlate them with sustainability of groundwater. Integrating real time information on land use pattern 
and local microclimate can be useful for estimating actual water requirement of crop (Dey 2006b). Recent 
approaches use remote sensing data to directly calculate ET at basin scale by solving energy balance 
equations such as, SEBAL-Surface Energy Balance Algorithm for Land (Bastiaanssen 1998), SEBS-
Surface Energy Balance System (Su 2002), RESP-Regional ET through Surface Energy Partitioning, etc. 
In a recent study, Islam et al. (2010) used SEBAL algorithm to calculate crop water deficit of wheat in the 
greater Dinajpur district of Bangladesh. Thus, ET estimation would further indicate the level of excess 
water use in the crop field. In this perspective, it is assumed that, through improving the irrigation water 
management practices at farm level, the level of excess water use would reduce substantially which will 
eventually help maintain the sustainability of groundwater availability in the study region. Studies on 
prescribing the proper way of groundwater use enabling water table not declining abruptly are indeed 
rare. This study would try to assess the sustainability of groundwater using some vital indicators which 
were not applied in any earlier studies.  
 
This study, therefore, would be able to dig into the issues relating sustainability of groundwater use for 
irrigation that helps continue crop production without much hampering the preservation of groundwater. 
This study will be immensely useful for the researchers, development workers and policy makers in a 
greater perspective. The specific objectives of the study were: 
 

 To quantitatively assess the trends in water table and crop areas for the last 30 years, 
 To estimate the financial and economic profitability of different crops along with likely changes 

over time due to declining water tables, 
 To estimate economic cost of excess water lifted for irrigation, and 
 To recommend policies for sustainable use of irrigation water in northwestern Bangladesh. 
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Chapter II 
Literature Review 

 
Physiography, geology and hydrology of the study area 
 

Barind tract which is an uplifted land formed over the Madhupur Clay (an older alluvium of Pleistocene 
age). Tectonically, the study area is in the stable shelf region of the Bengal Basin. The elevation of the 
area above sea level ranges from a minimum of 14 m to a maximum of 45 m (Matin 1989). The Barind 
area is covered by 3.0-47.5 m thick semi-impervious clay-silt layer of Recent-Pleistocene age. The 
average annual minimum and maximum groundwater level elevation was observed at 0.24 m and 25.45 m 
respectively from the mean sea level. A significant relationship between the water level fluctuation and 
amount of rainfall was obtained. The gradual fall of water level during April-May for the studied years 
indicates that more water was being withdrawn in the area than the aquifer could sustain. The water level, 
however, recovers during the successive wet season, indicating the fact that the groundwater level is 
monitoring a dynamic equilibrium (Haque et al. 2009). 
 

Different studies also identified that groundwater system of the study area is composed of four 
components. The upper part of the subsurface (known as the Upper clay) is an aquitard consisting of clay 
and silt of the Pleistocene Modhupur Clay with an average thickness of 20 m (Matin 1989). Immediate 
below the Upper Clay at the top of the main aquifer lies a sequence of fine sand, in places interbedded 
with medium sand and thin layers of clay, known as the composite aquifer, is 3-10 m thick. Beneath the 
composite aquifer medium to coarse sandy sediments with gravel form the main aquifer which is 15-25 m 
thick. The main aquifer, in turn, is underlain by an aquitard of clay deposit (Ahmed 1996). 
Hydrogeologically, the area covered by semi-impervious clay-silt aquitard of Recent-Pleistocene period 
(thickness 3.0-47.5 m) is characterized by single to multiple layered (two-four) aquifer system of Plio-
Pleistocene age (thickness 5.0-42.5 m) (Jahan et al. December 2007). The surface geology includes 
Holocene Piedmont Deposits in the northwestern part of the region, Holocene instream Deposits and the 
Madhupur Clays of the Barind areas in the central and south western part of the region. On a regional 
basis, following three aquifers have been identified (UNDP-BWDB 1982).  
 

An upper layer composed of silts and clays, which acts as semi-confining layer. The thickness of this 
layer is variable but does not exceed 10 m in the majority areas of the region. Although the thickness is 
locally in excess of 20 m in high Barind area and 50 m in the southern part of Dinajpur district. A gradual 
thickening of the layer occurs towards the southern part of the region where maximum thickness ranges 
from 10 to 20 m. 
 

A composite aquifer is composed of very fine to fine sands and which overlies the main aquifer. Its 
thickness varies from only one meter in the northwest to over 30 m in the Atrai basin. The composite 
aquifer is a major source for village water supply wells and for hand tubewells. 
 

Main aquifer is composed of medium to coarse sands and has excellent water transmitting properties. The 
exploited thickness of the aquifer ranges from less than 10 m in parts of Bogra district to over 60 m in the 
northwest. Aquifer conditions were found to be good in most parts of the Teesta, Brahmaputra-Jamuna 
and Ganges river floodplains and on the Old Himalayan Piedmont plain. Potential aquifers are not found 
in high Barind area. Based on pumping tests, the transmissibility of the main aquifer ranges from 300 to 
4,000 sq. m/day. Highest transmissibilities are common adjacent to the area of Brahmaputra-Jamuna river 
and lowest transmissibilities are common in high Barind area. 
 

Ahmed (1996) found that the depth to groundwater level is usually lowest in October and highest in May. 
During the monsoon period the aquifer seems to completely recover the decline that takes place in the dry 
season. There is no discrimination fall in the water level over the past years. The yearly groundwater level 
fluctuation varies from 4.23 to 6.26 metre without showing any trend. A linear regression has shown 
statistically significant relationship between the annual water level fluctuation and rainfall. The recharge 
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of water level varies directly with the amount of rainfall. This response is strong with an r²=0.97. 
However, the groundwater level responds favorable only after first 2 months’ precipitation has already 
been accumulated. Finally, the fact that the aquifer is in a state of dynamic equilibrium, further 
development can be undertaken to meet the irrigation demand of the study area where 80% of the 
cultivable land practically lay barren in the dry season. 
 

The aquifer characteristics of the area reveal: (a) lower value of T (<500 m2/day) in the smaller central 
part, suitable for domestic water supply, and (b) medium (500-1000 m2/day) and higher (>1000m2/day) T 
values in the rest part suitable for irrigation and domestic needs (Pitman 1981). Highly transmissible 
aquifer material indicates excellent opportunity for groundwater development. In northwest region (NW), 
the lower two aquifers are probably hydraulically interconnected. The main aquifer, in most of the areas, 
is either semi-confined or leaky or consists of stratified, interconnected, unconfined water-bearing zones 
which are subject to delayed drainage. Recharge to the aquifer is predominantly derived from deep 
percolation of rain and flood water. Lateral contribution from rivers comprises only a small percentage 
(0.04%) of total potential recharge ((MPO 1987). The infiltration rate is low in upper clay-silt aquitard 
part (1-2 mm/day) (UNDP 1992).  The infiltration rate of the soil of this region (i.e. the High Barind) is 
1.5 mm/d for wetland and 7.5 mm/d dryland (Sir MacDonald & Partners 1983).  
 

Jahan et al. (2010) stated that due to short monsoon period and poor water holding capacity of soil, 
moisture depletion starts from late October and there exists no available soil moisture by the end of 
December in the area. With the cessation of rainfall the major source for recharging groundwater also 
gradually stops and about 24% of the annual recharge water is lost by discharge into the khals, streams, 
low-lying areas and rivers to evapotranspiration and other uses before the irrigation seasons starts 
resulting scarcity of groundwater in the area (BWDB 1989). Low Barind areas have different depth of 
standing water from July to October indicating favourable conditions for the recharge to groundwater and 
in some areas (<1%) groundwater level merges with surface water level indicating no room for recharge 
to groundwater (Karim 1987).  
 
Irrigation water management 
 

An IWM study (2006) found that the abstraction of groundwater for irrigation requirement was higher 
than the recharge, causing constrains for boro paddy cultivation, but the northern part has suitability for 
further groundwater development to meet the requirement for boro paddy cultivation. However, in other 
areas of Bangladesh, effective management strategy for sustainable use of groundwater resources needs to 
be developed considering the above aspects. Studies also have noted that careful management can avoid 
problems in over exploitation of resources and environmental degradation of this area (Emaduddin et al. 
2008).  Besides, distributing the water in right time in right amount or flow adjustment is the prime issue 
of concern for minimizing the impact of global environment change. Regional cooperation can guarantee 
a sustained future in terms of water availability since the basin areas of the river systems are dissected by 
international boundaries. In this regard, application of Decision Support System (DSS) is necessary for 
facilitating regional cooperation by integrating different agencies and stakeholders in the country as well 
as integrating different countries in the basin level. Besides, DSS can generate an environment of 
cooperation by simulating different water management strategies in the basin level and provide support 
for allowing various international groups and scientist to interact. However, development of mutual trust, 
goodwill and minimizing differences in perception is pre-requisite for such regional cooperation. A strong 
political commitment supported by adequate institutional arrangement is required in this regard. 
 

Groundwater is the main source of irrigation in Boro rice field.  About 75% water for irrigation in the 
region comes from groundwater (Bari and Anwar 2000). According to a recent BADC survey (BADC 
2002), the ratio of surface water and groundwater use for total irrigated agriculture has been changed 
drastically in last two decades in Bangladesh. The contribution of groundwater has increased from 41% in 
1982/1983 to 75% in 2001/2002 and surface water has declined accordingly.  
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The ratio of groundwater to surface water use is much higher in northwestern districts of Bangladesh 
compared to other parts of the country. Cross-country anthropogenic activities caused a severe negative 
impact on water resources and eco-systems of northwestern Bangladesh in the recent years. All the rivers 
and cannels of the area dry up during the dry season and make the people completely dependent on 
groundwater (Shahid 2008, Shahid and Behrawan 2008, Dey et al. 2011). Recent declination of 
groundwater level during dry season in northwest Bangladesh has posed a major threat in irrigated 
agriculture system. Drought is a common phenomenon in the region (Shahid 2008, Shahid and Behrawan 
2008). In the last 40 years the area suffered eight major droughts (Paul 1998). Recurrent droughts and 
availability of irrigation equipments have made the people depended on groundwater for irrigation. 
During 1980-2000, groundwater irrigation coverage rose from 6 to 75% in Bangladesh (BADC 2002). 
Ever ncreasing ground water extraction for irrigation and no increase in rainfall have caused the 
groundwater level falls to the extent of not getting fully replenished in the recharge season causing 
overdraft in northwest Bangladesh (GoB 2002). The problem is becoming progressively more acute with 
the growth of population and extension of irrigated agriculture. 
 

The study by Mamunul et al. (2012) found that total abstraction of groundwater (15000 million 
litres/year) is lower than total recharge of aquifer. But shortage of groundwater only in vicinity of River 
Padma (1,000 million litre/year) in dry season results from lowering of water level. As groundwater 
abstraction is increasing every year to meet the demand, taking suitable measures are necessary to 
preserve aquifer potentiality. Mamunul suggested that a comprehensive water law should be formulated 
for proper conservation and sustainable use of groundwater resource in Rajshahi City Corporation area. In 
this context, conjunctive use of Padma river water should be promoted. 
 

Dey et al. (2006a) studied the economic benefits that the country can achieve if improved irrigation 
management is followed in Bangladesh. The study also documented that proper irrigation water 
management means that water should arrive at the right place, at the right time, with the required volume 
and with minimum loss. Proper irrigation water management may allow irrigation of additional land with 
the same volume of water and provide a remarkable increase in crop yield. The increased crop yields may 
contribute to the reduction in hunger and poverty in rural Bangladesh. This study also identified that some 
defects were in the irrigation water management system, which are possible to eliminate through taking 
up various effective measures. A quantitative assessment has been done based on savings to be acquired 
as a result of eliminations of the defects. An additional amount of US$140 million may be saved from 
improved irrigation and water management practices, US$543 million from elimination of the present 
system loss of water and US$155 million by providing supplementary irrigation in the Aman (dry) 
season. An amount of US$108 million may be saved by enhancing mechanical efficiency of the diesel 
driven irrigation equipment through proper operation and in time repair and maintenance, US$362 million 
through proper conservation of water in khal (local drainage channel), beel (small water bodies), haor 
(comparatively larger water bodies) and pond, and US$38 million by controlling unplanned installation of 
irrigation equipment. The government of Bangladesh is to spend only an amount of US$1.74 million for 
successful implementation of proper irrigation and other management activities, when in total an amount 
of US$1,344.26 million may be thus saved and added annually in the economy of Bangladesh. The 
amount thus saved is about one-fifth of the total Bangladesh Budget for the Fiscal Year of 2002/03 
(US$7,570 million) and about one-sixth of the total Bangladesh Budget for the Fiscal Year of 2003/04 
(US$8,962 million). The assessment of economic benefits was done using some assumptions and 
perceptions that were taken from various studies. So, the computed economic benefits may be achievable 
only if the government formulates policies and guidelines and develops proper workforce and 
management structure to implement the water management practices proposed. The assessment gives a 
clear indication that Bangladeshcan achieve at least some portion of economic benefit as shown through 
the calculations in this article. Of course, proper irrigation management practices must be maintained and 
the government should take proper steps, like those mentioned in this article for the implementation of 
these activities.  
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Droogersa et al. (2010) reported that water managers and policy-makers need accurate estimates of real 
(actual) irrigation applications for effective monitoring of irrigation and efficient irrigation management. 
They identified three main strategies by which agricultural water management can deal with these large 
trade-offs: a) improving water management practices on agricultural lands, b) better linkage with 
management of downstream aquatic ecosystems, and c) paying more attention to how water can be 
managed to create multifunctional agro-ecosystems. They suggested if ecological landscape processes are 
better understood the values of ecosystem services other than food production are also recognized. Shaki 
and Adeloye (2006) observed that the continued water withdrawal from the aquifer system over the last 
three decades has resulted to significant lowering of the ground water table. The result of the analysis 
shows that there is scope for significant improvement in the efficiency of water utilization, which if 
achieved should enhance the overall sustainability of groundwater use.   
 

The studu conducted by Wahid et al. (2007) showed that the economically attractive high-yielding variety 
(HYV) Boro (dry season) rice cultivation during the groundwater irrigation season might not sustain in 
large parts of the project area (Teesta Barrage Project in Bangladesh), if the current trends in abstraction 
are continued. However, due to spatial variation in abstraction, nine out of 21 thanas (sub-districts) in the 
project area may still be able to expand groundwater-irrigated cropland and a groundwater use potential 
of 40 mm/year may be created if deep-set shallow tubewells are used by the farmers to abstract 
groundwater. A structured approach, based on zoning of potential areas, is recommended for groundwater 
development and use. Wichelns and Oster (2006) found that farmers and public officials must determine 
acceptable levels of the direct and indirect costs involved in sustaining irrigated agriculture. The 
environmental costs of irrigation and drainage have increased over time, leading some observers to 
suggest that irrigation should be discontinued in some areas and water should be re-allocated to non-
agricultural uses. Irrigation is sustainable, but the direct costs and environmental impacts can be 
substantial. 
 
Relationship between groundwater and surface water (river water) 
 

The Groundwater Information Center, California (2003) reported that although surface water and 
groundwater appeared to be two distinct sources of water, in fact they are not. Surface water and 
groundwater are basically one singular source of water connected physically in the hydrologic cycle. It is 
known that if groundwater levels are above water levels in adjacent streams, the groundwater system will 
discharge water to the stream and increase flow in the stream. When groundwater levels are lower, 
however, water will leave the stream to recharge the groundwater and decrease flow in the stream. When 
groundwater is near the surface it creates wetlands and other similar habitat. When groundwater 
discharges into an adjacent stream, it is called a gaining stream (USGS Circular 1139, 1998) and when 
stream water recharges surrounding groundwater, it is called a losing stream USGS Circular 1139, 1998). 
Knowledge of this groundwater-surface water interaction reveals that changes in either the surface water 
or groundwater system will affect the other. This study recommended that effective management requires 
consideration of both water sources as one resource. With that in mind, more understanding and 
protection of groundwater, especially from contamination and overuse, is needed to increase the overall 
water supply. Monitoring and evaluation must be continued to gain the understanding needed so that 
future groundwater issues are not overlooked or misunderstood. 
 
Climatic variability 
 

Adham et al. (2010) found that declining trend of rainfall with increased Potential Evapotranspiration 
(PET), Crop Evapotranspiration (Etc) and Net Irrigation (NIR), consequently depending more on 
groundwater resulting in a depleted trend in the groundwater table levels. While the northern part has 
become a semi-arid zone, the southern part has been a humid zone. Study recommended that proper 
groundwater management with concern over ecological balance is warranted. 
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Three distinct seasons can be recognized in area from climatic point of view: 1) the dry winter season 
from December to February, 2) the pre-monsoon hot summer season from March to May, and 3) the rainy 
monsoon season which lasts from June to October (Rashid 1991). Climatically, the study area belongs to 
dry humid zone with annual average rainfall vary between 1,400 and 1,900 mm. The seasonal distribution 
of rainfall shows that almost 92.7% rainfall occurs during May to October. Less than 6% rainfall occurs 
during the irrigation period of Boro rice (January to April). The rainfall also varies widely from year to 
year. Annual variability of non-monsoon rainfall in the area is more than 50% (Shahid 2008). 
Temperature in the region ranges from 25-40°C in the hottest season and 8-25°C in the coolest season. 
Reza and Mazumder (2005) observed that the maximum and minimum elevations of groundwater table 
contour maps that groundwater has been flowing out to the east, west, north-west and south from central 
part of the study area. Hydrograph analysis indicates a significant direct relationship between rainfall and 
groundwater level fluctuation. The Barind region is now in an acute state of deforestation as a result of 
the scarcity of surface water sources and low rainfall. Shahid (2011) showed that there would be no 
appreciable changes in total irrigation water requirement due to climate change. However, there will be an 
increase in daily use of water for irrigation. As groundwater is the main source of irrigation in northwest 
Bangladesh, higher daily pumping rate in dry season may aggravate the situation of groundwater scarcity 
in the region. To attain sustainable groundwater use, it is necessary to go for an action plan such as 
groundwater recharge using various structural and non-structural measures, use of drought tolerant crop 
variety, crop rotation or cropping pattern change, improvement of technical performances of existing 
technologies, introduction of appropriate technologies, social interventions such as awareness 
development, etc.  
 
Financial and economic profitability  
 

Several studies on the responsiveness of crop production to price change are available for Bangladesh. 
Conceptually, a country has a comparative advantage in producing a crop, if the social opportunity cost of 
producing the crop in the country is lower than its international price. Using the concept of social 
profitability as applied in cost-benefit analysis, social profitability of a crop is given by its shadow price 
(Chenery 1961). Since the shadow price of tradable good (e.g. rice or jute) is its international price, social 
profitability of a crop is the amount of foreign exchange that can be saved while the country is the net 
importer. The estimation of net economic returns is one way of looking at the comparative advantage, that 
is, in terms of resource use efficiency and land allocation.  Shahabuddin et al. (2002) made an assessment 
of profitability and domestic cost ratio for rice in Bangladesh which revealed that the country has a 
comparative advantage in rice production except for the upland  aus crop and the deep water aman rice. 
So, diversification of non-rice economic activities for both uplands and extreme low lands is socially 
justified. The comparative advantage in cultivation of modern varieties is higher for wet season aman 
rice, which is relatively low input intensive than for dry season boro rice.  
 

To assess the comparative advantage, a better measure seems to be the domestic resource cost (DRC). 
DRC compares the opportunity costs of domestic resources for production with the value added that they 
generate. In Bangladesh, for 1994-95 to 1996-97, Shahbuddin (2000) estimated the DRC ratio at the 
export parity price at 0.80 for rain-fed aman and 0.99 for irrigated Boro rice. At the import parity price, 
the estimates are 0.48 and 0.75, respectively. Kikuchi et al. (2000) estimated that the DRC ratio for Sri 
Lanka for 1996 at the import parity price at 0.96 for rain-fed rice and 0.96 for irrigated rice. Estudilo et al. 
(1999) estimated the ratio for the Philippines for 1995 at 1.59 at the import parity price. The study for the 
Philippines and Sri Lanka show deterioration in comparative advantage since the mid-1980s with the 
slowing down of technological progress and a large increase in the opportunity cost of labour. But India 
and Bangladesh experienced an improvement in comparative advantage during this period. The numbers 
showed that India had a better ratio than Sri Lanka and the Philippines, but almost the same ratio as in 
Bangladesh (Bagchi and Hossain 2002).  
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The study conducted by Rashid et al. (2009) analyzed the DRC ratio for Bangladesh rice and few other 
crops. The study revealed that the domestic-to-border price ratio of rice was less than unity for most of 
the years both at import and export parity and was significantly negative, indicating that domestic rice 
production was taxed and consumers were subsidized. A study by BRF (2005) found that production of 
aromatic and fine rice was profitable both from financial and economic point of view. All the aromatic 
and fine rice varieties had positive net returns and favourable benefit-cost ratio. The economic 
profitability analysis showed that all aromatic and fine rice had comparative advantage in production as 
import substitute. In export promotion, almost all aromatic varieties had comparative advantage. This 
finding would lend support to the arguments for production of selected aromatic and fine rice both for 
export and import substitution.  
 
Evapotranspiration (ET) 
 

Accurate estimation of actual evapotranspiration (ET) is essential for effective local or regional water 
management. At a local scale, ET estimates can be made accurately considering a soil–plant-atmospheric 
system, if adequate meteorological-ground data or ET measurements are available (Ramos et al. 2009). 
The FAO-56-Penman-Monteith method is applied under soil water stress conditions and the actual 
evapotransporation of cotton is estimated. This methodology utilizes the daily meteorological 
measurements of every experimental site, as well as soil and crop data. Comparison results of either the 
measured and simulated soil measurements or the cumulative evapotranspiration over specific period, 
show that the FAO-56 method describes satisfactory the response of cotton to soil water deficits 
(Kotsopoulos et al. 2003). 
 

Irrigation agriculture is the main water consumer in this region. Therefore, policy directives are calling 
for tools to aid operational monitoring in planning, control and charging of irrigation water. Using 
Landsat imagery, this study evaluates the utility of a process that measures the level of water use in an 
irrigated area of the state of Ceara. The ET was estimated with the model Mapping Evapotranspiration at 
High Resolution and with Internalized Calibration (METRIC). The model uses the residual of the energy 
balance equation to estimate ET for each pixel in the image. The results were then compared against the 
monthly accumulated flow rates for all the pumping stations provided by the district manager. Finally, 
this work discusses the potential use of the model as an alternative method to calculate water consumption 
in irrigated agriculture and the implications for water resource management in irrigated perimeters 
(Folhes et al. 2009). From another study of Immerzeel et al. (2008), it was found that calibrated model 
was used to derive a monthly basin water balance and to assess crop water productivity and crop water 
use for the irrigation year 2004-2005. It was recommended that improvements in water productivity may 
however be achieved by shifting the crop base from sugarcane to a dual crop and introducing a fallow 
period from March to May or by converting non-productive rangelands to bio fuel production or other 
agricultural land uses. 
 

Karim et al. (2009) found that ETc of different varieties of boro rice varied in different growing stages 
and total growing season due to variation of crop coefficient and reference crop evapotranspiration for 
variation of climate, length of growing stages, seedling times and length of total growing season. ETc of 
BR3 and BR14 varied from 483.6 to 658.6 mm and 438.8 to 572.2 mm in Dhaka district and 448.3 to 
608.4 mm and 406.8 to 524.4 mm in Mymenshing district. Actual crop evapotransporation of different 
varieties of boro rice decreased by 77.6 and 67.4 mm in Dhaka district and 104.2 and 55.0 mm in 
Mymensingh district due to changes of climate during 1976 to 2005 and 1983 to 2005. The results also 
revealed that climate change affect actual crop evapotranspiration of different varieties of boro rice crop 
and play useful role in sustainable irrigation water resources management in North Central hydrological 
region of Bangladesh. Rashid et al. (2009) found that in the Barind area, on an average, the 
evapotranspiration rate was 5.1 mm/day and the seepage and percolation (S&P) rate was 4.2 mm/day in 
boro season. These two values demonstrate that 55% of the applied water was needed for ET and the rest 
45% is lost from the field as seepage and percolation. Irrespective of seasons and years around 50% of the 
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irrigation water is needed for ET and the rest 50% is lost through S&P annually from the double cropped 
rice fields. The water productivity was 0.58 kg/m3 

of water in boro season and 0.49 kg/m3 
in transplant 

aman season. The relative water supply (supply:demand) was 1.15 and 0.90 in boro and transplant aman 
seasons respectively.  
 
Li et al. (2008) observed that the continuing increase of ET leads to a peaking and subsequent decline of 
CWP (crop water productivity) which suggests that the higher water consumption does not necessarily 
lead to a higher yield. Payero et al. (2008) stated that quantifying the local crop response to irrigation is 
important for establishing adequate irrigation management strategies. It was found that the dry mass of 
the plant and that of each plant component tended to increase with seasonal ETc. The good relationships 
obtained in the study between crop performance indicators and seasonal ETc demonstrate that accurate 
estimates of ETc on a daily and seasonal basis can be valuable for making tactical in-season irrigation 
management decisions and for strategic irrigation planning and management. 
 
Review of policy documents 
 
The statements relevant to the groundwater management have been extracted from the cross-cutting policy 
documents of the 8 national policies listed below. In addition, National Water Policy documents of other 
countries like India and South Africa were also reviewed. New Agriculture Policy 2010, National Food 
Policy 2006, Plan of Action of NFP (2008-15) and National Sustainable Development Strategies (NSDS), 
2008 were also independently reviewed for few distinct water related policies.  
 
In most of the policies, the groundwater management issues are not stated distinctly.  In some 
documents, issues are mentioned specifically and mostly as issues related with water resources 
management of the country, while in others they are not. It was quite difficult to extract the concerned 
statements for review. There are policies generic in nature and directly connected to the problems of water 
issues of the country. Attentions were given to the inter linkages of water issues to that with the policies of 
land, agriculture, rural development, poverty reduction, environment, safe water supply, etc. Moreover, 
emphasis was given to other reviews of policy studies carried out in the country under the umbrella of 
different projects. Details of policies can be found from the background report as Volume III. The relevant 
polices are:  
 

1. Draft National Agriculture Policy 2010 
2. National Food Policy, 2006 and PoA of National Food Policy (2008-15) 2008 
3. Bangladesh Country Investment Plan, Updated Version 2011  
4. Sixth Five Year Plan, Accelerating Growth and Reducing Poverty, Part‐1, Strategic 

Directions and Policy Framework 2011 
5. Updated Version of  National Adaptation Plan of Action (NAPA) 2009 
6. National Sustainable Development Strategies 2008 
7. National Water Policy 1999 
8. National Land Use Policy 2001 

 

Draft National Ariculture Policy (NFP 2010) 
 

The National Agriculture Policy broadly aims at creating an enabling environment for sustainable growth 
of agriculture for reducing poverty and ensuring food security through increased crop production and 
employment opportunity as envisaged in National Strategy for Accelerated Poverty Reduction (NSAPR), 
Millennium Development Goals (MDG) and SAARC Development Goals (SDG). Ministry of Agriculture 
(MoA) highlights irrigation in Section 8 and is considered as one of the most essential inputs for 
increasing crop production. Presently about 90-95% of the total irrigated area is covered by minor 
irrigation. Country’s food production largely depends upon minor irrigation and STWs.  
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From section 8, the guidelines are as follows: 
 

8.1.1  The government will facilitate dissemination of water management technology to enhance 
irrigation efficiency and water productivity through optimal use of available water resources. 

8.1.2  Modern irrigation, drainage and water application systems will be introduced for expanding 
irrigation coverage including difficult or disadvantaged areas i.e. in char, hilly, Barind tract, 
drought-prone and saline areas. 

8.1.3  The distance between two tube-wells will be chosen in such a way so that it meets needs of both 
safe extraction of groundwater and increase of irrigation efficiency. 

 8.2.1  The government will encourage and train private entrepreneurs and unemployed youths on 
operation, repair and maintenance of irrigation equipment. 

8.2.2 Training of farmers and technical personnel on On-farm Water Management (OFWM) 
technology will be strengthened to bridge knowledge gap as well as yield gap. 

8.3.1  The existing surveying and monitoring activities of both quantity and quality of irrigation water 
will be strengthened to formulate pragmatic irrigation and water management plan. 

8.3.2 BADC, BMDA and allied agencies will prepare and update ground water zoning map for 
judicious use of ground water resources. 

8.4.1 The government will promote re-excavation of canals, ponds and other water bodies for 
conservation and utilization of surface water through inter-agency collaboration. 

8.4.2  Replacement of suction mode pump by force mode pump; critical areas will be encouraged by 
the government for maximizing water use. 

8.4.3  Multipurpose use of irrigation water will be encouraged. 
8.4.4 The government will promote and encourage groundwater recharge through water-shed 

management. 
8.4.5  The government will take initiatives to reclaim water logged areas. 
8.5.1  Preferential access will be given to power-source for irrigation through intimate interagency 

collaboration. 
8.5.2  Efforts will be made to strike a balance between irrigation cost by electricity and diesel. 

 
National Food Policy, 2006 
 

The National Food Policy (NFP 2006) represents a follow-up to the National Food Policy of 1988 and has 
undergone major changes over the last decade, moving from a system involving large-scale government 
interventions in rice and wheat markets to a more market-oriented policy, with food grain distribution 
increasingly targeted to those households most in need. 
 

The NFP clarifies three basic concepts. The goal of the food policy is to ensure a dependable food 
security system for all people of the country at all times. The objectives of the food policy are: 
 

Objective-1: to ensure adequate and stable supply of safe and nutritious food, 
Objective-2: to enhance purchasing power of the people for increased food accessibility, and  
Objective-3: to ensure adequate nutrition for all (especially women and children). 

 

Under the objective 1, special emphasis has been given upon efficient water resources management and to 
ensure efficient use of water resources the government will undertake the following steps: 
 
 to ensure reduction of the yield gap within irrigated areas, and encourage farmers to apply 

supplementary irrigation with a view to increase cropping intensity and yield on a sustainable 
basis; 

 to encourage the use of surface and groundwater for irrigation through improved irrigation 
infrastructure by both public and private sectors; 

 to ensure improved delivery and efficient use of safe irrigation water for crop cultivation; 
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 to establish an area-based irrigation management system using participatory approach; 
 to develop a water conservation strategy and undertake measures for use of conserved water for 

supplementary irrigation purposes and to reduce dependency on groundwater; 
 to ensure use of surface water for irrigation by public and private sector without affecting the 

fisheries resources; 
 to ensure uninterrupted supply of power for pumps during irrigation for agricultural production; 
 to encourage development and application of irrigation technologies for water conservation and use 

at a larger scale; and 
 to undertake supplementary steps to enhance appropriate irrigation technologies and address 

drought situation in rain-dependent areas. 
 

National Food Policy Plan of Action (2008-2015), 2008  
 

This plan of action was formulated by the government to provide programmatic guidance in 
implementing the National Food Policy. The plan identifies 26 strategic areas of intervention and priority 
actions that cover all dimensions of food security. The plan of action adopts a twin-track approach to 
hunger reduction. Apart from providing immediate access to food to the most vulnerable households 
through targeted cash and food transfers, the plan also includes actions aimed at developing production 
capacity, income generation and nutrition through investments and accompanying policy measures. The 
plan of action is a dynamic document that is adjusted based on the results of monitoring activities, the 
experiences gained in the process of its implementation as well as possible changes in the key factors 
impacting on the development prospects of Bangladesh. 
 

Area of intervention: use and management of water resources 
 
The intensive and increasing use of STW irrigation has led to a lowering of the water table in many areas 
of the north and north-western regions. The quality of groundwater is also deteriorating because of 
excessive use of chemical pesticides, whilst arsenic contamination of crops has also become an issue. 
Targets are to increase irrigation coverage; improved delivery and efficient use of safe irrigation water; 
reduced dependency on ground water; and reduced cost of irrigation water. 
 

Action agenda 
 
 Extend irrigation facilities and ease access to irrigation equipments 
 Regulate and rationalize water price charged by different irrigation providers 
 Provide training to farmers and agricultural workers for improving use of irrigation water and on 

farm water management 
 Restructure irrigation wing of BADC 
 Increase the number of surface water treatment plants 
 Ensure uninterrupted power supply to electric pumps 
 Continue market oriented policies for the development of irrigation system 
 Extend use of surface water 
 Monitor arsenic contamination through irrigation water 
 Promote area-based irrigation management systems using participatory approaches 
 Select suitable sites for dual purpose (irrigation and flood control) pump house 
 Mainstream irrigation programmes in major flood control projects 
 Explore possibilities of replacing diesel engine with CNG (bottled) operated engines 
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Bangladesh Country Investment Plan (CIP), Updated Version 2011  
 

Bangladesh Country Investment Plan (CIP) is a five-year comprehensive plan which aims to mobilize 
investment by smallholders and other private sector food security actors. The CIP is anchored in the 
policy, programmatic and financial framework of Bangladesh, such as:  
i)  It is the investment arm of the National Food Policy (NFP 2006) and its Plan of Action (PoA 2008-

2015); 
ii)  It reflects the food security content of the upcoming 6th Five-Year Plan; and 
iii)  It is a strong advocacy and financial tool for increased resource allocation from the budget (through 

the government process) and development partners (DP) in the context of the Joint Cooperation 
Strategy (JCS). 

 
According to CIP, coordination of interventions will be ensured through an inclusive institutional set up 
which builds upon the existing structure developed by the country in support of the National Food Policy. 
Out of twelve programmes of CIP, one programme exclusively deals with improved water management 
for irrigation. 
 
Sixth Five-Year Plan, 2011 
 

The Sixth Five-Year Plan document is organized into three parts. The first part (Part I) of the Sixth Five-
Year Plan provides the strategic directions and policy framework for implementing the main socio-
economic targets of the Vision 2021. It focuses on the underlying strategies, policies and institutions for 
achieving the major targets for economic growth, employment, human development, poverty reduction, 
social protection and environmental management. Detailed sectoral strategies, plans and programmes are 
presented in Part II of the Plan document. Indicative sectoral development resource allocations are 
provided on the basis of achieving sectoral plan targets. The sectoral allocations are made consistent with 
the overall resource envelope presented in Part I. Part II contains an annex on selected national data and a 
description of the general equilibrium model used for ensuring the consistency of national and sectoral 
targets with policies and resources underlying the Sixth Plan. 
 
 
Updated National Adaptation Programme of Action (NAPA), 2009 
 

This updated version of the National Adaptation Programme of Action (NAPA) for Bangladesh has 
incorporated findings of impacts, vulnerabilities and adaptation studies carried out over the last few years. 
This has incorporated additional projects and brought synergies with Bangladesh Climate Change 
Strategy and Action Plan (BCCSAP), 2009 and adaptation activities identified by the respective sectoral 
working groups of NAPA. However, this document has kept the format of NAPA prepared in 2005. 
Agriculture and water issues of key environmental concerns related to development and climate change 
are discussed in brief.  
 

In case of groundwater, there has been a tremendous increase in use of suction mode technology in 
irrigation and water supply using groundwater sources since the 1980s. However, contamination of the 
shallow aquifer has recently been identified as a major problem with about 25% of the population 
exposed to arsenic level exceeding Bangladesh standards (0.05mg/l) (NWMP 2001).  
 

In crop agriculture and food security, Bangladesh is influenced by seasonal characteristics and different 
variables of climate such as temperature, rainfall, humidity, day-length, etc. It is also often constrained by 
different disasters such as floods, droughts, soil and water salinity, cyclone and storm surges.  
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National Sustainable Development Strategies (NSDS), 2008  
 

Vision of the National Sustainable Development Strategy (NSDS) of Bangladesh is to ensure sustained 
economic growth, environmental protection and social justice that imply improvement of livelihood 
options of the people, reduction of poverty, ensuring wise use of natural resources, good governance 
and people’s participation. Strategic priority areas for achieving sustainable development are to sustain 
economic growth through agriculture and rural development; social security and protection; environment 
and natural resource management. Cross cutting areas are good governance, human resource    
development and management, and gender. General strategies to sustainable development are creating   
an   economy   with continuous  growth  and  benefit  at all levels; enhance institutional capacity and 
bring necessary changes at institutional level as appropriate; creating an enabling condition and support 
with policy and regulatory framework; creating a knowledge base; initiate cooperative farming, 
commercial fishing, horticulture, etc. farm with participation of poor and landless people; introduce direct 
marketing of agro-based products and cash crops; and eliminate middle men and partnership between 
public and private organization for joint efforts in environment. 
 

Environment and natural resource management has vision to ensure environmental protection for 
humans, ecosystems and resources, to promote the conservation, augmentation and efficient utilization of 
the natural resources, and covers water, land and bio-diversity as natural resources and suggested 
strategies for sustainable environment management. 
 

i. Proposed strategies for water security included in section 8.1.3 are follows:  Ensure community 
access to water bodies 

ii. Water pollution management 
iii. Health, sanitation and hygiene 
iv. Increasing water efficiency and reducing waste 
v. Understanding  and  assessing  indigenous knowledge for water security 

vi. Awareness, campaign and advocacy on sustainable water management concepts, principles 
  and methods 

vii. Improve utilization of surface water 
viii. Groundwater management 

ix. Rainwater harvesting policy 
x. Integration among major players in water sector 

xi. Build on existing capacity and efforts 
xii. Climate change, extreme weather events and adaptation activities 

 

As per NSDS, 76 groundwater sources are still the main source of water supply in urban and rural areas 
of Bangladesh. Bangladesh is entirely underlain by water bearing aquifers at depths varying from 0 to 
20m below ground surface, except for few hilly regions. This groundwater resource is threatened because 
of the following reasons (BUET, 2004): 
 Arsenic in groundwater; 
 Salinity  in  the  shallow  aquifers  in  the coastal areas; and 
 Lowering of groundwater level. 

 
Sustainable Development Strategies for Land 
Strategies for ensuring access to natural resources- Identify the fallow land and distribute among 
landless; Developing land use policy and plan; Appropriate strategic plan needs to be developed for 
efficient use of newly accreted land. 
Strategy for environmental Sustainability- Protect land from industrial and agro-chemical pollution. 
Undertake programme on combating land degradation and rehabilitation. Undertake  
programme on integrated organic farming.  
Policy Support and Institutional Capacity Building- Undertake training programme for relevant agencies 
on land management and land resource development. Research on increase productivity on land 
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Good Governance 
The governance agenda is large and cuts across a wide range of institutions and threatens powerful vested 
interests. 
Developing a strategic, sequenced approach that relies on success in a few key areas to generate 
momentum and demand for reform in other areas will be crucial. Summoning the political will to do this 
will not be easy, and will itself depend on strong political  leadership  and  a  public  that demands reforms 
and shows lower tolerance for weak governance.  
Areas of good governance- 
- Democratic norms, political commitment and will. 
- Transparency 
- Accountability 
- Rule of Law 
- Decentralization of power and participatory approach 
- Human Resource Development 
- Updating Laws, Rules and Regulations 
- Gender Issue 
- Recruitment to Constitutional Posts 
- Environment (Climate Change) 
 
Institutional Framework 
Setting up of the National Council for Sustainable development (NCSD) or any other appropriate  body, 
Formulation of an apex body in the form of “Sustainable Development Commission (SDC)” and status of 
the Commission would be like National    Economic    Council    (NEC) 
“Sustainable Development Commission (SDC)”might be named as Sustainable  Development Monitoring 
Council (SDMC) 
“Sustainable Development Monitoring Council” would set up a body named as “Sustainable Development 
Board (SDB)”. 
It is suggested that the Sustainable Development Board (SDB) will review the implementation status of 
the decisions of the SDMC and provide a report to the SDMC before its meeting. It will also provide 
technical advice to the SDMC in implementing and monitoring strategic priority areas identified in the 
National Sustainable Development Strategy as well as suggests interim modification of the SD strategy 
for Bangladesh. 
 
National Water Policy (NWPo), 1999 
 

Ministry of Water Resources highlights all water resources-based policies and associated with water 
resources such as agriculture, fisheries and environment and allocates resources. This allows the 
development in such a way as to maximise the benefits to the population and enhancing the resources 
itself for a sustainable development.  
 
 

Planning and management of water resources 
 Frame rules, procedures, and guidelines for combining water-use and land-use planning; 
 Frame and periodically revise the rules, procedures and guidelines on all aspects of water 

management; and 
 Make social and environmental assessments mandatory in all plan development. 
 

Water rights and allocation 
 The government will exercise its water allocation power in identified scarcity zones on the basis of 

specified priorities. 
 In general, the priority for allocating water during critical periods in the water shortage zones will be 

in the following order: domestic and municipal uses, non-consumptive uses (e.g. navigation, fisheries 
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and wildlife), sustenance of the river regime, and other consumptive and non-consumptive uses such 
as irrigation, industry, environment, salinity management, and recreation. The above order of priority 
could however be changed on specific socio-economic criteria of an area by local bodies through 
local consensus. 

 

Water for environment  
 Protection and preservation of the natural environment is essential for sustainable development. 

Given that most of the country's environmental resources are linked to water resources, it is vital that 
the continued development and management of the nation's water resources should include the 
protection, restoration, and preservation of the environment and its bio-diversity including wetlands, 
mangrove and other national forests, endangered species, and the water quality. Accordingly, water 
resource management actions will take care to avoid or minimize environmental damages; 

 Give full consideration to environmental protection, restoration and enhancement measures 
consistent with the National Environmental Management Action Plan (NEMAP) and the National 
Water Management Plan (NWMP); 

 Ensure adequate upland flow in water channels to preserve the coastal estuary eco-system threatened 
by intrusion of salinity from the sea;  

 Stop unplanned construction on riverbanks and indiscriminate clearance of vegetation on newly 
accreted land. 

 

Policy of the government for water, fisheries, and wildilfe emphasised in water resource planning in 
areas where their social impact is high. Brackish aquaculture will be confined to specific zones as 
designated by the government. 
 

Water supply and sanitation facilitate availability of safe and affordable drinking water through various 
means including rainwater harvesting and conservation. For harnessing and development of groundwater 
and the general management of water resources in an efficient and equitable manner, the following 
objectives are highlighted: 
 

 Develop knowledge and capacity to design future water resource management plans by itself 
addressing economic efficiency, gender equity, social justice and environmental awareness to 
facilitate achievement of the water management objectives through broad public participation. 

 Improve efficiency of resource utilization through conjunctive use of all forms of surface water and 
groundwater for irrigation and water supply.  

 Develop and disseminate appropriate technologies for conjunctive use of rainwater, groundwater and 
surface water. 

 Strengthen appropriate monitoring organizations for tracking groundwater recharge, surface and 
groundwater use and changes in surface and groundwater quality.  

 Preserve natural depressions and water bodies in major urban areas for recharge of underground 
aquifers.  

 Take steps to protect the water quality and ensure efficiency of its use. 
 Encourage future groundwater development for irrigation through both the public and private sectors, 

subject to regulations that may be prescribed by government from time to time. 
 

National Water Policy for agriculture was given special emphasis in section 4.7 as follows: 
Support to private development of groundwater irrigation for promoting agricultural growth, with surface 
water development where feasible. Increase irrigation water use efficiency through measures like 
drainage-water recycling, rotational irrigation, adoption of water conserving crop technology and 
conjunctive use of groundwater and surface water. 
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Water allocations in irrigation systems have to be done with equity and social justice. Serious 
consideration needs to be given to non-point pollution by fertilizer and pesticides that are either leached to 
the groundwater or washed off the fields to rivers and lakes. For this purpose, the policy of the 
government is to: 
a. Encourage and promote continued development of minor irrigation, where feasible, without affecting 

drinking water supplies. 
b. Encourage future groundwater development for irrigation by both the public and the private sectors, 

subject to government regulations. 
c. Strengthen crop diversification programmes for efficient water utilisation. 
d. Strengthen appropriate monitoring organisations for tracking groundwater recharge, surface and 

groundwater use, and changes in surface and groundwater quality. 
 

NWPo for research and information management was given special emphesis in section 4.15 as follows: 
Information and management decisions are becoming complex and information sensitive, so importance 
of supporting research and information management increases many folds. It is the policy of the 
government in this regard to: 
a. Develop a central database and management information system (MIS) consolidating the existing 

hydrological systems, supply and use of national water resources, water quality, and the eco-
system. 

b. Restructure and strengthen, where appropriate, water resource and agriculture research institutions 
to undertake systematic research and analysis of water and land management issues and problems 
arising both nationally and internationally. 

c. Investigate the important flood control and management issues, such as the efficacy of coastal 
polders, for guiding future policy on structural interventions. 

d. Investigate the important sociological issues, such as the phenomenon of interference with water 
structures (e.g. public cuts), and the motives and conflicting interests behind them, to assist the 
process of building public support and acceptance of government water management programmes. 

e. Strengthen and promote the involvement of public and private research organizations and 
universities to: 

i. Develop and disseminate appropriate technologies for conjunctive use of rainwater, ground water 
and surface water. 

ii. Develop and promote water management techniques to prevent wastage and generate efficiency of 
water and energy use. 

iii. Produce skilled professionals for water management. 
 
National Land Use Policy, 2001 
 

According to the experts, 25% of the total area of the country is necessary to be covered by afforestation 
for ensuring human health and environment. In land and water areas, by continuous siltation in the 
rivers, massive earth filling, construction of roads by obstructing the normal water flow in the low-lying 
areas, the water area is being squeezed.  
Salient features of the land use policy are: 
 
 Green belt will be created throughout the coastal belt; and 
 It will be ensured that construction of embankments will not create any water logging. 
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Global Best Management Practices 
 

The Indian experience  
 

In Saurashstra in the Indian state of Gujarat, when government efforts failed to adequately address the 
over-exploitation of groundwater and subsequent declines and coastal groundwater salinisation, some 
local community members began to harvest excess rainwater during the monsoon for aquifer recharge 
(Tushar 2009).  
 

China experience  
 

China’s groundwater management has been much more centralized and successful in implementation and 
enforcement. Each Chinese village features a governmental agent paid from villager’s taxes with the 
responsibility to plan and manage its irrigation. Such officials provide guidance for price setting 
mechanisms in groundwater markets. Difference between the Indian and the Chinese experience suggests 
the roles that both the macro-development path plays in the shape and scope of the groundwater 
governance (Tushar 2009).  
 

Arizona (USA) experience  
 

An interesting case study is that of the arid and strongly groundwater-dependent state of Arizona in the 
U.S. With its adoption of the 1980 Groundwater Management Act (GMA), Arizona became a national 
leader in managing groundwater in the areas designated as Active Management Areas (AMA) (Arizona, 
Dept. Water Resources, 
http://www.azwater.gov/azdwr/WaterManagement/Recharge/documents/conveyanceapplicationguideJune
2011.pdf).  
Details of the above three best management practices can be found from the background report (Volume III). 
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Chapter III 
Methods 

 
3.1 Study area 
The study was conducted in Rajshahi, Dinajpur, Pabna, Rangpur and Bogra districts in northwest 
Bangladesh (Fig. 3.1).  Geographically, the study area extends from 230 48’ 14.3’’ N to 260 03’ 16.8’’N 
latitudes and 880 18’ 44.99’’ E to 890 43’ 50.71’’ E longitudes.  
 

 
Figure 3.1: Study area map 

 
3.2 Data  
We used both primary and secondary data as required by the sustainability indicators and criteria 
mentioned in the introduction section. Table 3.1 shows the indicators, measurement, criteria, method, and 
the source. Primary data were collected through sample survey based on the preliminary analysis of time 
series data (secondary data i.e. depth of groundwater over the last 30 years and consultation with 
Department of Agriculture Extension (DAE) personnel. From each area (one from each district) 30 farms 
were chosen under three farm size categories (marginal, small, medium/large) covering major 5 dry 
season crops. Thus, the total sample was 450 (five upazila x 30 farms x 3 farm sizes). 
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Table 3.1: Groundwater sustainability indicators and criteriato ensure suatainability 
 
 

Sl. No. Indicator Measurement Criteria to 
ensure 
sustainability 

Method & 
Source 

1. 1 Environmental/Technological 
2.  River water contribution to 

groundwater 
Change in river water 
contribution to GW over 
time 

Increase River fxlow data 
– BWDB 

3.  Precipitation Amount of rainfall added in 
the GW storage 

Increase Climatic data– 
BMD 

4.  Groundwater table Depth of groundwater level Decrease GW table data – 
BMDA, BWDB, 
BADC 

5.  Groundwater withdrawals Volume of water used for 
irrigation 

Withdraw 
equivalent to 
recharge 

BBS, Field 
Survey 

6.  Well intensity Nos. per square km Decrease BADC data 
 

7.  Excess water  Crop water requirement Decrease ILWIS Image, ET 
estimation 

8.  Land use change: 
 formation of ten major crops 

and areas 

Percent of agricultural land Increase BBS 

9.  Wetland area Percent of change in 
wetland 

Increase ILWIS Image 
 

10.  Change in crop type Introduction of crop types 
requiring high irrigation 
frequency 

Crops with low 
 water 
requirement 

 

Field Survey 

11.  Conservation Conservation of  rainwater, 
SW and GW artificial 
recharge 

Increase 
 
 

Field Survey, 
Qualitative 
analysis 

 Economic 
12.  Cost of GW use for irrigation Direct cost of groundwater  Decrease Field Survey/BBS 
13.  Financial Profitability 

 
Economic profitability  

Cost and return analysis 
Shadow pricing of inputs and 
outputs 

Increase 
 
Increase 

Field Survey/BBS 
 
Field Survey/BBS 

 Cost of GW use for irrigation Direct cost of groundwater  Decrease Field Survey/BBS 
14.  Social  
15.  Percent of people practicing 

groundwater recharge methods 
than before 

 

Groundwater recharging 
method 

 

Increase Field Survey, 
Qualitative 
analysis  

 
16.  Percent of people using 

alternative sources of water for 
irrigation 

Surface water use for 
irrigation 

 

Increase Field Survey, 
Qualitative 
analysis 

17.  Percent of  people know about 
harfful effect of stagnant water 
in field than before 

Harmful effect of stagnant 
water 

Increase Smple survey 
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3.2.1Costs and returns 
 

With the help of local DAE staff, the comprehensive list of farming households (comprising all farm size 
categories e.g., marginal, small and medium/large) in each location was prepared and the desired sample 
farms were selected. Data on item-wise cost of major five dry season crops (including hired labour, 
family labour, land rental, fertilizer disaggregated by type, irrigation cost, pesticides, seeds, machine 
rental, etc.) were produced and outputs received were collected using structured questionnaire. 
 
3.2.2  River water level and discharge data 
 

River water level and discharge data (daily) were collected for 25 stations of Bangladesh Water 
Development Board (BWDB) for the period of 1981-2011. Maximum, minimum and mean monthly 
average (January-May) of river water level and discharge data were calculated.   
 
3.2.3 Climatic data and satellite image 
 

Temperature and rainfall data were collected from Bangladesh Meteorological Department (BMD) 
situated in the Barind tract. The satellite image downloaded from the MODIS Website 
(http://modis.gsfc.nasa.gov/) covering a period from 1 January-22 April 2011 and processed for the study. 
Table 3.2 shows the information of the downloaded images. Days after plantation (DAP) were calculated 
based on field data. It was found from successive field visit to the study area that plantation of paddy was 
started from the first week of January. In this study, 1st January 2011 was considered as date of boro rice 
plantation.   

 

Table 3. 2: List of MODIS images downloaded for the study 
No. Image date Julian date Days after plantation 

1 01-Jan-2011 005 5 

2 09-Jan-2011 013 13 

3 17-Jan-2011 021 21 

4 25-Jan-2011 029 29 

5 02-Feb-2011 037 37 

6 10-Feb-2011 045 45 

7 18-Feb-2011 053 53 

8 26-Feb-2011 061 61 

9 05-Mar-2011 069 69 

10 13-Mar-2011 077 77 

11 21-Mar-2011 085 85 

12 29-Apr-2011 093 93 

13 06-Apr-2011 101 101 

14 14-Apr-2011 109 109 

15 22-Apr-2011 117 117 
 
 
 



31 
 

3.2.4 Geo-referencing of boro crop field 
 

Primary data on paddy for the season December 2010 to April 2011 were collected from farmers’ fields 
through interviews. Thirty farmers were interviewed and Global Positioning System (GPS) was used for 
ground-truthing of farmer’s field from one upazila of each district (Fig. 3.3).  

 
 

Figure 3.2: Locations of the boro rice fields in the study area 
 
3.2.5 Data management 
 

Filled-in questionnaires were edited and coded for computer entry under the close supervision. Twenty 
percent of the questionnaires were re-checked for consistencies. Secondary data collected from printed 
sources were given computer entry and electronic data were stored in MS Excel software for analysis.   
 
3.3Analysis of data 

 

Data were analyzed using SPSS 16.0 and MS Excel. Besides, ILWIS 3.4 and Arc GIS 9.2 softwares were 
used for image processing and analysis.   
 
3.3.1 Trend in water table depth 
 

Using data from BWDB, BADC and BMDA, trends in water table depth over time (1981-2011) were 
assessed for five study districts.  
 
3.3.2 Changes in crop area  
 

Changes of crop area of ten major crops over time (1981-2011) were assessed for the five districts 
seperately.   
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3.3.3 Change in wetland 
 

An estimation of change in wetland area in northwest Bangladesh was done by analyzing Landsat satellite 
images using remote sensing tool ILWIS. Three Landsat scenes were downloaded 
(www.earthexplorer.usgs.gov). The images were taken during the dry period of 2011 and at 
Path138/Row42 and Path138/Row43 which cover almost the entire northwest Bangladesh (about 90% of 
the total area). Table 3.4 shows the properties of the images. 
 

Table 3.3: Properties of downloaded satellite images 

Image No. Acquisition date Satellite sensor 

1 January 19, 1989 Landsat 4 TM 

2 February 19, 2000 Landsat 7 ETM+ 

3 February 6, 2010 Landsat 5 TM 

 
To determine the area of wetland in northwest Bangladesh, the Normalized Difference Vegetation Index 
(NDVI) map for the selected area was prepared from satellite image. Then all the pixels with positive 
NDVI values were removed. It is known that negative values of NDVI correspond to water. So, the 
remaining pixels with negative NDVI indicates wetlands or water bodies. Total pixel area means the total 
wetland area that was obtained from map histogram in square meter. This area was then converted into 
square kilometer. Total wetland area determined from each of the satellite images were then used to 
estimate the change in wetland area at the northwest Bangladesh over the last 20 years. The NDVI is a 
measure of the amount and vigor of vegetation at the surface. The reason for NDVI’s relation to wetland 
is that water reflects more in the visible red part than in the near infrared part of the spectrum. The index 
is defined by equation (i). 
 

푁퐷푉퐼 =  (i) 
                                
It is clear from the above equation that water bodies or wetlands would give negative NDVI values as for 
water, Red>NIR. Figure 5 shows the NDVI map. 
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3.3.4 Estimation of excess water 
 

The excess water lifted from the ground source will be estimated applying the basic relationship (xv): 
 

)()( xvWirrrementwaterrequiIrrigationdWaterTotalLifterExcessWate 










 

FAO-56 model (Brouer et al. 1986) is used for the ccomputation of irrigation water demand. According to 
this model total irrigation water requirement can be calculated as the following equation (xvi):  
 

Wirr = ETcrop+W lp+ Wps+ Wl - Pe                                                                                                                                                                     (xvi)   
 

Where, η = system efficiency- conveyance & distribution loss; Wirr-irrigation water requirement , ETcrop- 
crop evapotranspiration; Wlp-water demand for land preparation; Wps- percolation and seepage losses of 
water from paddy field; Wl-water to establish standing water layer,;  
Pe-effective precipitation.  
 

Effective precipitation is computed using USDA equation (United States Department of Agriculture 
1983) as given below:  
 

푃푒 = 푆퐹 × 0.7091푃 11556.082416.0 iP 푋 100.02426E                                                                                                              (xvii) 
 

Pe = average monthly effective precipitation (mm), Pi = monthly men precipitation (mm), ET = average 
crop evapotranspitration (mm), SF = soil water storage factor. 
The soil water storage factor is computed by (Eq. xvii):  
 

 
)003804.0057697.0295164.0531747.0( 32 DDDSF               (xviii) 

    

Where, D = the usable soil water storage (in mm). The term D is generally calculated as 40 to 60% of the 
available soil water capacity in the crop root zone depending on the irrigation management practices used 
(USDA 1970). In this study, D is calculated as 50% of the soil water capacity. 
 
 
 
 
 
 
 
 
 
 
 
Climatic data from weather station               Satellite image for vegetation index (NDVI) 

 

Figure 3.3: Schematic for estimation of excess water estimation using climatic data and crop information 
 
3.3.4.1 Estimation of ET 
 

Both Surface Energy Balance Algorithm for Land (SEBAL, Bastiaanssen et al. 1998; Bastiaanssen 2000) 
and FAO Penman-Monteith method were employed for estimating ET.  
 

 

ET 

Excess Water 

Precipitation 
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3.3.4.1.1 SEBA method 
 
Image processing 
 

MODIS images have been geo-referenced using MODIS Re-projection Tool (MRT) and analyzed using 
ILWIS software. NDVI is the most commonly used vegetation index. It varies from +1 to -1. NDVI value 
of zero means no green vegetation and NDVI values close to +1 (0.8 to 0.9) indicates the highest possible 
density of green leaves. The Surface Energy Balance Algorithm for Land (SEBAL, Bastiaanssen et al. 
1998, Bastiaanssen 2000) was used to computeET from satellite imagery having visible, near infrared and 
thermal infrared bands. Spatial distribution of paddy during the growing season (January-April) was 
estimated from satellite data for the greater Rajshahi region. Satellite image such as MODIS is used both 
for surface reflectance and Land surface temperature (LST). MODIS images were geo-referenced using 
MODIS Re-projection Tool (MRT) and analyzed using ILWIS software. SEBAL method is based on the 
energy balance principle. The energy coming from the sun and atmosphere in the form of short and long 
wave radiation is dissipated/transformed on the ground. The total available energy Rn is then used for 
several purposes: heat up the soil (soil heat flux), heat up the surface transfer to the environment (sensible 
heat flux) and transform water into vapour (latent heat flux). The energy balance equation in its most 
simplistic form stands:  
 

xix)((L.E)flux heat latent   (H)flux heat  sensible  (G)flux heat  soil  (Rn)radiation Net    
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

 
Figure 3.4: Components of the energy balance 

 
 
Daily evapotranspiration 
 

Assuming that the daily value of evaporative fraction (Λ24) is approximately equal to the instantaneous 
value (Λins), the daily value of latent energy flux (LE24) was calculated using the following relationship 
(xx). 
 

When 24ins  

  )( 24242424 oninson GRGRLE               (xx)                                 
 

Where Rn24 is the 24 hours net radiation and the 24 hour value of soil heat flux (Go) is usually ignored in 
this equation for simplicity. Hence the expression for the daily evapotranspiration (ET24) can be expressed 
as (Eq. xxi): 
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The final equation that is used to evaluate the daily evaporation is based on the evaporative fraction (Eq. 
xxii): 

w

nins RET
.

1064.8 24
7

24


                  (xxii)                                                          

 

In equation 2.68 daily net radiation is in Wm-2, λ is 2.47x106 JKg-1 and ρw is 1000 kgm-3. The final form 
of equation is given by Equation (xxiii)  

 
588.28

24
24

nins RET 
                                   (xxiii)                                                                         

 
3.4.4.1.2 FAO Penman-Monteith method 
 
FAO Penman-Monteith (1998) method to estimate ETo can be derived as follow (Eq. xxiv): 

    (xxv) 
 

where,  
ETo = reference evapotranspiration [mm day-1]; Rn = net radiation at the crop surface [MJ m-2 day-1] 
G = soil heat flux density [MJ m-2 day-1]; T = mean daily air temperature at 2 m height [°C] 
u2 = wind speed at 2 m height [m s-1]; es = saturation vapour pressure [kPa] 
ea = actual vapour pressure [kPa]; es-ea = saturation vapour pressure deficit [kPa] 
Δ = slope of vapour pressure curve [kPa °C-1]; γ = psychrometric constant [kPa °C-1] 
 

The value of crop coefficient (Kc) changes with the growth stages of crop. The value of Kc was estimated 
based on penology of boro rice and typical cultivation schedule as recommended by FAO. Phenology of 
boro rice of the Barind area of Bangladesh used by the Shahid et al. (2011) was considered.  

 
 
3.3. 5 Financial and economic profitability of five important dry season crops 
 

For each of the five areas, the financial and economic profitability of five important dry season crops 
were estimated. The areas were chosen on the basis of the cross-section and time series analysis described 
above. The costs and returns were estimated using detailed data on 30 farms under each farm type. 
 
3.3.5.1 Financial profitability analysis 
 

Cost and return analysis is the most common method of determining and comparing the profitability of 
different farm enterprises. In estimating the level of profitability in crop production the following formula 
was used (xxvi): 
 

∏ = P1Q1 + P2Q2 - ∑PiXi – TFC              
(xxvi) 
 

Where,  
∏ = Profit per hectare for producing the crop; P1 = Per unit price of the output; Q1 = Quantity of output 
obtained (per hectare); P2 = Per unit price of by-product; Q2 = Quantity of by –product obtained (per 
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hectare); Pi = Per unit price of the ith input used for producing the crop; Xi = Quantity of the ith input used 
for producing the crop; and TFC = Total fixed cost. 
 

The financial profitability of crop production depends on prices of the products, cost of production and 
availability of production technologies. Financial analysis includes calculation of detailed costs of 
production and return from crop on a per hectare basis. Total cost of production (TC) is composed of total 
variable costs (TVC) and total fixed costs (TFC). TVC includes costs of human labour (both family and 
hired), mechanical power, seeds, manures, chemical fertilizers, pesticides and irrigation. TFC includes 
land rent and interest on operating capital. The gross return (GR) is computed as total output multiplied 
by its unit market price. Profits or gross margin (GM) is defined as GR – TVC, whereas the net return 
(NR) is defined as GR – TC. Finally, the benefit cost ratio (BCR) is computed as GR/TC. The survey 
reveals that five major crops, namely boro rice, wheat, potato, mustard and pulses (lentil) were grown by 
the farmers. 
 
3.3.5.2 Economic profitability/comparative advantage of major crops 
 

In Bangladesh, the social or economic profitability of cultivating crops may deviate from financial 
profitability due to distortion of input and output markets, externalities, and government policy 
interventions. The economic profitability estimation of crops could help in deriving meaningful policy 
guidelines toward social profitability. The government policy regarding external trade and exchange rate 
management can affect the structure of incentives within agriculture, as well as between agricultural and 
other sectors through direct and indirect effects on domestic price determination. The direct affect on 
prices arises from commodity specific policies such as taxes, subsidies and quantities restrictions on 
export and import. This effect is measured by the proportional differences between the domestic price and 
the border price (import or export parity price) at official exchange rate.  
 
Border price measured at farm gate (Import parity) 
 

Import parity price at farm level is estimated as (Equation xxvii) 
 
Pj = Pj

b + Cjm - Cjd (xxvii) 
 
Where, Pj  = producer price of jth importable commodity, 
Pj

b  =  world price at port of entry (c.i.f), 
 Cjm

 = marketing margin from the port of entry to the wholesale market and 
Cjd 

 = Components of the marketing spread between the wholesale market and farm gate. 
 
Border price measured at farm gate (Export parity) 
 

The export parity price at farm gate is estimated by using the following formulae (xxviii): 
 
Pi = Pi

b E0-Ci (xxviii)  
 
Where, Pi = producer price of ith exportable,  
Pi

b = world price at the port of exit (f.o.b) in foreign currency 
E0 = exchange rate, 
Ci = all components of the marketing margin from border to farm gate level 
 

The effects of trade and exchange rate policies on agricultural incentives have been assessed in respect of 
selected commodities using the nominal and effective protection rates as indicators. The time series 
estimates of these criteria can help understand how the trade policy environment may change over time in 
respect of agricultural commodities. The estimates of import parity prices are based on the assumptions 
that import competes with domestic production at farm level. 
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Nominal protection  
 

The nominal protection co-efficient (NPC) is the simplest indicator of price distortion and the easiest to 
measure. It is equal to the ratio of the domestic price of a commodity to its border price using the official 
exchange rate. 
 

Conceptually, NPC is expressed as: 
NPCi = Pi

d/Pi
b      (xxix)) 

 

Where, Pi
d is the domestic producer price of a tradable agricultural commodity i and Pi

b is the actual 
border price of that commodity, evaluated at the official exchange rate, adjusted for quality, transport, 
storage and other margin, measured under competitive conditions and expressed in local currency. 
 
Thus, If NPCi > 1, producers are protected and consumers are taxed, If NPCi < 1, producers are taxed and 
consumers are subsidized, and If NPCi = 1, the structure of protection is neutral. 
 

The estimates of world price at import parity level are based on the assumption that imports compete with 
domestic production at producer level. In case of exportable commodity, domestic-to-border price 
comparison will be made at producer level. The border prices of selected commodities will be adjusted 
for marketing cost (which includes handling, transportation, storage cost) and price spent between the 
wholesale market to the farmers level. Border prices of commodities are used as reference prices in 
measuring the effects of government intervention polices. Without government intervention, the domestic 
producer prices are expected to be closely related to the border prices.  
 
Alternatively, this can be written as the nominal rate of protection (NRP), defined as the amount by which 
the domestic price of a tradable output deviates from its border price. It can be stated as relationship 
(xxx):  

NRPi = (Pi
d/Pi

b) -1       (xxx) 
 

If NRPi > 0, producers are protected and consumers are taxed; if NRPi < 0, producers are taxed and 
consumers are subsidized. Thus, if NPC>1 or NRP>0, producers receive a price which, after direct 
interventions, is above the border price, giving them incentives to produce more of the crop than if 
equilibrium prices prevailed. 
 

In calculating NRPi’s for agricultural tradable, the market point for comparision is of crucial importance. 
Since NRPis are indictors of output incentives or disincentives, there are two marketing points where 
comparisons can be made. One is at the production point to determine the incentives that farmers receive 
at the farm level. The other is at the wholesale or consumption point to determine the effects of pricing 
policy over a broader spectrum of farm production-processing-marketing activities. This study will 
evaluate NRPis at both farm and wholesale levels.  
 
Effective protection 
 

Price distortions affect use of inputs as well as products. It is often the case, for instance, that 
disprotection of products is partially compensated by subsidies of some inputs (such as fertilizer, fuel and 
irrigation equipment). From the standpoint of incentives, it is important to capture net effect of these 
distortions. For calculating Effective Protection Co-efficient (EPC), which is expressed as- 

EPC = 
Value of output at domestic price  - 

 
Value of traded inputs per unit of output at 
domestic price 

Value of output at world price 
converted at the official exchange rate                     - Value of traded inputs per unit of output of world 

prices converted at the official exchange rate 
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The symbolic expression of the term is as follows: 
 

                           Pd
i - ∑aij Pd

j 
EPC = ---------------------            

      (xxxi) 
                             Pb

i -∑aij Pb
j  

 

If EPC > 1, domestic producers of commodity i are directly protected, if EPC < 1, domestic producers of i 
are disprotected, if EPC= 1, the structure of prices is neutral in terms of incentives. 
 

Where, Pi
d is the domestic price of  ith commodity, Pi

b is the border price of that commodity and aij are the 
technical co-efficients measuring the number of units of traded inputs j per unit of production of output i, 
Pj

d is the domestic price of traded inputs j, Pj
b is the border price of traded inputs j.  

 
The study will also measure these indicators in the form of Effective Rate of Protection (ERPi). Formally, 
it is conventionally expressed as relationship (xxxii): 
 

                 Pd
i - ∑aij Pd

j                   Vd
i 

ERPi = --------------------- - 1 = ---------  -  1  =  EPCi  -  1     (xxxii) 
                 Pb

i -∑aij Pb
j                   Vb

i 
 

Where, Vi
d is the value added in domestic prices, and Vi

b is the value added in border prices expressed in 
local currency. 
 
Comparative advantage of crop production 
 

Comparative advantage is an expression of the efficiency of using resources to produce a particular 
product when measured against the possibilities of international trade. A country will reduce production 
of those goods which can be imported at lower relative prices and will lead to specialize in the production 
of goods which it can produce at lower relative cost. This section used domestic resource cost (DRC) 
criterion for assessing resource use efficiency. 
 
Domestic resource cost  
 

The domestic resource cost (DRC) criterion was used for determining economic profitability of selected 
crops. It is expressed as the following relationship (xxxiii): 
 

inputs  tradableof Value  -output    tradableof Value
output ofunit per  producingfor    inputs  traded-non  and  resource  domestic ofCost 

DRC
(xxxiii)

 

 

Domestic value added measures the actual payments to factor of production in local currency units. The 
denominator, value added at world prices, is the difference between the world price of the competing 
imports or exports and the cost of imported inputs used to produce that commodity. Thus, DRC becomes 
a measure of domestic cost of earning or saving foreign exchange and is an explicit expression of 
comparative cost principle in international trade. A DRC ratio of less than one implies that the production 
is efficient and makes positive contribution to domestic value added. In contrast, a DRC of greater than 
one indicates that the commodity should not be produced domestically instead of importation. 
 
3.3.6 Financial and economic profitability over the next 20 years 
 

Based on trends in water table depth and estimates of the incremental financial and economic cost of 
required pumping, time path of financial and economic profitability over the next 20 years have been 
simulated for all the crops under study. Besides, the issue of non-linearity has been taken under 
consideration and issue of irregular electricity supply affecting the tubewell water supply was considered. 
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Forecasting of irrigation cost using ARIMA model 
 
ARIMA is the model for predicting time series data. The model uses no other independent variables but 
the prediction will come out from historical data. Briefly, ARIMA econometric modeling take into 
account historical data and decompose it into an Autoregressive (AR) process, where there is a memory of 
past events (e.g., the cost of irrigation of  this year is related to the cost of irrigation of the last year, and 
so forth, with a decreasing memory lag); an Integrated (I) process, which accounts for stabilizing or 
making the data stationary (constant mean and variance over time and the value of covariance between 
two time periods depends only on the distance or gap or lag between the two time periods and not the 
actual time at which the covariance is computed (Gujarati 2003, p.797), making it easier to forecast; and a 
Moving Average (MA) of the forecast errors, such that the longer the historical data, the more accurate the 
forecasts will be, as it learns over time. ARIMA models, therefore, have three model parameters, one for 
the AR(p) process, one for the I(d) and one for the MA(q) process, all combined and interacting among 
each other and recomposed into the ARIMA (p,d,q). 
 

Autoregressive Integrated Moving Average or ARIMA (p,d,q) models are the extension of the AR model 
that uses three components for modeling the serial correlation in the time series data. The first component 
is the autoregressive (AR) term. The AR(p) model uses the p lags of the time series in the equation. An 
AR(p) model has the form:  

Yt = a1Yt-1 + … + apYt-p + e         (xxxiv) 
  

The second component is the integration (d) order term. Each integration order corresponds to 
differencing the time series. I(1) means differencing the data once. I(d) means differencing the data d 
times. The third component is the moving average (MA) term. The MA(q) model uses the q lags of the 
forecast errors to improve the forecast. An MA(q) model has the following form: 

Yt = et + b1et-1 + … + bqet-q                           (xxxv)  
 

Finally, an ARMA(p,q) model has the combined form of equation a and b and that is:  
  Yt = a1Yt-1 + … + apYt-p + et  + b1et-1 + … + bqet-q                (xxxvi) 
 

In interpreting the results of an ARIMA model, most of the specifications are identical to the multivariate 
regression analysis. However, there are several additional sets of results specific to the ARIMA analysis. 
The first is the addition of Akaike Information Criterion (AIC) and Schwarz Criterion (SC), which are 
often used in ARIMA model selection and identification. That is, AIC and SC are used to determine if a 
particular model with a specific set of p, d, and q parameters is a good statistical fit. SC imposes a greater 
penalty for additional coefficients than the AIC but generally, the model with the lowest AIC and SC 
values should be chosen. Finally, an additional set of results called the autocorrelation (AC) and partial 
autocorrelation (PAC) statistics are provided in the ARIMA report. 
 

The estimation method of the ARIMA model consists of three steps, namely identification, estimation of 
parameters and diagnostic checking: (http://www.businessdictionary.com/definition/time-series-
forecast.html). Before use of data to create ARIMA model, the data were needed to test for stationarity. 
The test is done to prove that the data are stationary. It means if irrigation costs of different years are 
stationary meaning they are not affected by other factors, such as seasonality, trends, etc.  
 

In this research, stationarity test was done by “Augmented Dickey-Fuller Regression’s Unit Root Test” by 
setting hypothesis as; 

Ho: δ = 0 (Non-Stationary) 
H1: δ ≠ 0 (Stationary) 

 

To test the stationarity or non-stationarity of data, the Dickey–Fuller (DF) test  and ADF test were applied 
to run regressions in the following form: 
 
Yt is a random walk with drift around a stochastic trend (constant plus trend): 
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 ΔYt = β1+ β2t + δ Yt-1 + et                        (xxxvii) 
Where,  
ΔYt is the difference of the actual price series  
Yt-1 is the 1st order lagged price and t is the time or trend variable.  
 

If the computed absolute value of the tau statistics (τ) does not exceed the DF or MacKinnon critical tau 
values, we do not reject the hypothesis that δ = 0, in which case the time series is non-stationary.  
ADF test was conducted by “augmenting” the preceding equation by adding the lagged values of the 
dependent variable ΔYt.  The ADF test is: 

∆Yt = β1 + β2t +δ Yt-1 + αi 



m

1i

Yt-i + t                        (xxxviii) 

 

where  t is a pure white noise error term and where, Δ Yt-1= (Yt-1
_ Yt-2), Δ Yt-2 = (Yt-2

_ Yt-3), etc., that is , 
one uses  lagged different terms. 
 

If the data series of irrigation cost was found non-stationary, then further DF and ADF tests were run to 
made the data stationary, because to predict the future cost of irrigation the data series must be stationary. 
In that case the DF test was run in the following form: 
 

∆(ΔYt) = β1+ β2t + δ ∆Yt-1 + et                              (xxxix) 
 

Where,  
∆(ΔYt) is the 1st difference of the actual price series; ∆Yt-1 is the 1st order lag of the differenced price 
and t is the time or trend variable.  
Again the ADF test was conducted by ‘augmenting’ the preceding equation by adding the lagged values 
of the dependent variable ∆(ΔYt).  The ADF test is expressed as following relationship (xxxx): 
 

∆(ΔYt) = β1 + β2t +δ ∆Yt-1 + αi 



m

1i

 (∆Yt-i)+ t                       (xxxx) 
 

where  t is a pure white noise error term and where, Δ(∆ Yt-1)= (∆Yt-1
_ ∆Yt-2), Δ (∆Yt-2) =(∆Yt-2

_ ∆Yt-3), 
etc., that is , one uses lagged different terms. 
 

If the computed (τ) value exceeds the critical tau value, we had rejected the null hypothesis, in that case 
the time series is stationary. To forecast the irrigation cost for boro rice cultivation, secondary data were 
used which were collected from various sources: Guesselquist 1992; IIMI, 1995; Anon 2004-2009 and 
Sarkar 2000. Data were collected from 1989 to 2011 and irrigation cost was predicted for the next 20 
years. Before forecasting of irrigation costs for different years, data were tested for stationarity. 
 
 
3.3.7 Cost of excess water lifted for irrigation  
 

After discussing with relevant staff of DAE, BMDA and pump managers in different districts, it was 
assumed that a disel driven DTW needs 5 litres of diesel (@Tk. 70 per litre) and STW needs around 1 
litre of diesel per hour. Thus, cost of excess water lifted for irrigation was estimated considering Tk. 140 
and Tk. 450 per hour pumping of electrified and disel driven DTW, respectively including labour cost. 
And cost of irrigation was estimated considering Tk. 120-160 per hour pumping of electrified STW. 
 
 
3.3.8 Cropping patterns and policy implications 
 

Based on the above analysis, suitable cropping patterns were suggested for the study area. Besides, the 
study has suggested policies for promoting sustainable use of irrigation water in northwestern 
Bangladesh. 
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3.3.9 Qualitative or mixed-method research: focus group discussions (FGD) 
 

A good number of FGDs and key informant interviews (KIIs) (Knowledgeable man like pump operator, 
field officer from DAE, personnel from BMDA,BRAC, NGO worker) as tools of PRA have been carried 
out in the study area. The aim of the PRA were for getting information from local people about problems 
experienced with respect to groundwater, nature of the problems, their experience about the past history 
on groundwater abstraction. Information on the associated agriculture, cropping pattern change, their 
opinion on present and past agricultural practices and its economic, social and ecological impacts upon 
them and their problem solving approach and knowledge also captured. PRA’s ultimate goal is to 
formulate future action plan proposed by local people for the study area. Participants were selected in 
consultation with local NGOs and union council members. Focus has been given to use of water from  
underground, pond water and river sources for irrigation and drinking purpose. Their needs and 
expectations were emphasized.       
 
3.3.10 Stakeholder consultation  
 

To attain sustainable groundwater use, it is necessary to go for an action plan such as groundwater 
recharge using various structural and non-structural measures, use of drought tolerant crop variety, crop 
rotation or cropping pattern change, improvement of technical performances of existing technologies, 
introduction of appropriate technologies, social interventions such as awareness development, etc. These 
different options were discussed and opinions were collected from local government institutions (LGI), 
BMDA, farmers, users of BMDA network selected by local community.  
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Chapter IV 
 

Result and Discussion 
 
The statuses of the integral components of sustainability, i.e. environmental/technological, economic and 
social aspects were assessed in this section.  
 
4. 1 Environmental aspects 
 

Situation of the following indicators under the environmental aspects has been assessed here.     
 
4.1.1Groundwater table  
Figure 4.1 shows the declining trend of annual fluctuation of groundwater table in the northwest region of 
Bangladesh over the last 30 years (1981-2011), which implies that groundwater use is not sustainable in 
the study area. This is mainly over exploitation of groundwater than recharging aquifer. In the dry period 
(January–May), Rajshahi was found severely depleted district followed by Pabna, Bogra, Dinajpur and 
Rangpur (Fig. 4.2). Moreover, district-wise maximum depleted and minimum depleted are shown in Fig. 
4.3 and 4.4. Upazila-wise the magnitude of the decline in groundwater table (January-May) has been 
grouped into few categories such as severely affected, moderately, medium, less depleted, etc. ranges 
between -2.3 to -11.5 m as shown in Fig. 4.2. Evidence suggests that due to low rainfall in the short 
monsoon period and less available soil moisture, recharging of groundwater gradually stops in the dry 
period (Jahan et al. 2010). It was revealed through the questionnaire survey among farmers that about 
73% of them are well known with the phenomenon of lowering of groundwater depth in their agricultural 
fields. This is mainly due to extracting increased amount of groundwater than recharging aquifer (IWM 
2006, Mamunul et al. 2012). The BADC study (2002) also found that during 1980-2000, groundwater 
irrigation coverage rose from 6 to 75% in Bangladesh. Ever increasing groundwater extraction for 
irrigation and no increase in rainfall have caused the groundwater level falling to the extent of not getting 
fully replenished in the recharge season causing overdraft in northwest Bangladesh (GOB 2002). The 
National Commission on Agriculture (1996) estimated that the available potential of the aquifer that could 
be extracted by STWs for sustainable use of groundwater in irrigation had almost been exploited by 1996. 
Since then, use of both STWs and DTWs has expanded which suggests that groundwater resources have 
already been over-exploited which may adversely impact on environment. Empirical research shows that 
over drafting of groundwater resources leads to adverse impacts on the supply of drinking water; such as 
arsenic contamination in groundwater is widely prevalent in Bangladesh. Although irrigation 
infrastructure and boro cultivation gave opportunity to farmers to grow two modern rice varieties on the 
same parcel of land, this has led to environmental degradation including decline of soil fertility, more use 
of harmful agrochemicals (Hossain 2009; Dey and Haq 2008). 
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Figure 4.1: Northwest region GWT fluctuation (yearly average) 
 

 
Figure 4.2: Changes in the depth of groundwater table (Jan-May) over time 

 
 

 
Figure 4.3: Changes in groundwater table (maximum), district-wise 
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Figure 4.4: Changes in groundwater table (minimum), district-wise 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5: Map of depleted upazilas in five districts 
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4.1.2 River water level and discharge 
 
Figures 9-11 show a declining trend of yearly fluctuation of surrounding river water label and discharge 
of northwest region of Bangladesh over time. On an average, river water level and discharge decreased 
from 20 to 19 m and 90.8 to 56.9 m3/sec, respectively during 1981 to 2010.  Analysis reveals that highest 
declining ditrict is identified as Dinajpur followed by Rangpur, Bogra, Rajshahi and least in Pabna (Fig. 
10 a, b). Previous study on Teesta river water sharing have documented that mean river water flow 
decreased from 147 to 110 m3/sec during 1998 to 2002 (Islam et al. 2004). They also identified that the 
flow in Teesta river is inadequate to meet the irrigation requirement, while the fluctuation in the flow rate 
affects directly the availability of water in the Teesta Barrage Project (TBP) area. The irrigation water 
availability from the river has been always less than that planned. Unilateral withdrawal of water from 
Teesta by upstream user as well as low rainfall in the dry period limits the availability of irrigation water 
there. In the dry period, availability of surface water from river, ponds and canals became little, or some 
ponds/canals became dry and make people completely dependent on groundwater (Shahid 2008, Shahid 
and Behrawan 2008).  Distributing the water in right time in right amount or flow adjustment is the prime 
issue of concern for minimizing the impact of global environment change. Regional cooperation can 
guarantee a sustained future in terms of water availability since the basin areas of the river systems is 
dissected by international boundaries. 
 
 

 
Figure 4.6: Northwest region river water level fluctuation (yearly avg.) 

 
 

 
 

Figure 4.7 (a-b): Changes in river water level (a- maximum, and b-minimum)  
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Figure 4.8: Fluctuation river water discharge in the northwest region of Bangladesh  
 
 
4.1.3 Relationship between groundwater and river water  
 

Analysis reveals a positive relationship (R2=0.6) between declining trend of river water level and 
groundwater table (Fig. 4.9). The interrelationship between the surface and groundwater resources 
suggests that changes in the rate of river water flow affects directly the availability of groundwater and 
vise versa. In the study area, it is to be noted that the flow of Teesta river water is one of the major 
contributors to recharge the aquifers. The Groundwater Information Center (GWIC 2013) of California 
reported that although surface water (river water) and groundwater appeared to be two distinct sources of 
water, but they are not. Surface water and groundwater are basically one singular source of water 
connected physically in the hydrologic cycle. If groundwater levels are above water levels in adjacent 
streams, the groundwater system will discharge water to the stream and increase flow in the stream. When 
groundwater levels are lower, however, water will leave the stream to recharge the groundwater and 
decrease flow in the stream. When groundwater is near the surface it creates wetlands and other similar 
habitat. 
 

The GWIC (2013) documented that when groundwater discharges into an adjacent stream, it is called a 
gaining stream (USGS Circular 1139 1998) and when stream water recharges surrounding groundwater, it 
is called a losing stream (USGS Circular 1139 1998). Knowledge of this groundwater-surface water 
interaction reveals that changes in either the surface water or groundwater system will affect the other. It 
is recommended that effective management requires consideration of both water sources as one resource. 
More understanding and protection of groundwater, especially from contamination and overuse, is needed 
to increase the overall water supply. Besides, monitoring and evaluation must be continued to gain the 
understanding needed so that future groundwater issues are not overlooked or misunderstood. 
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Figure 4.9: Relationship between river water level (RWL) and groundwater table depth  
 
4.1.4 Changes in crop area  
 

Figure 4.10 (a-e) indicates changes of major crop areas in five districts. Analysis shows that crop area 
particularly of boro rice has increased sigingicantly over time, resulting mainly from expansion of 
groundwater facilities. It is important to note that the rate of increase of boro area was abruptly high 
between 1980/81- 2000/01 and marginal during the last decade (2000/01- 2010/11). The sudden increase 
of boro area is likely due to liberalization of government policy (1979) on procurement, installation and 
distribution, and management of irrigation equipment (Hossain 2009) and thus farmers installed huge 
number of tubewells indiscriminately for getting higher production owing to achieve  food security. Other 
reasons attributes to this increased production is manifested by the fact that if a farmers field is within the 
coverage of irrigation, he has the physical benefit of rice cultivation. This occurs due to the intrusion of 
irrigation water beneath the plot or surface. The practice of irrigating boro field thus opens the water 
access facility automatically for boro production that refrain the farmer to opt for other crops. However, 
on the scope for marginal increase of other crops production stems from gradual decrease in boro areas 
caused by the factors like cost of irrigation, water scarcity, change in food habit and above all choice or 
preference for high value crops compared to boro. Sarker (2000) observed that decline in boro crop area 
have been caused by the factors like scarcity of irrigation water, high cost of inputs which all resulted in 
increased production cost. As an outcome net income/return declined and use of inputs also reduced, 
which caused the farmers for a change in production decision.   
 

The study also revealed that area of ten major crops has increased three times while boro area alone has 
increased around 17 times in 2010-11 than that of 1980-81. Boro area has increased highest in Rangpur 
followed by Rajshahi, Dinajpur, Bogra and Pabna districts over time (Fig. 13). The total boro area of 
Bangladesh has increased more than three folds in FY 2011 (BBS 2011) than that of FY 1972 (Kumar et 
al. 2012). It was reported that total area under irrigation increased around four folds during FY 1981-2008 
primarily because of a rapid expansion in boro rice cultivation (Financial Express, March 18 2013). As a 
dry season crop supported by irrigation, boro production also helped to bring unused land into this crop 
production leading to increased cropping intensity. Thus, the impressive gains on cereal supplies in 
Bangladesh has been achieved because of the primary focus given to rice cultivation and by targeting self-
sufficiency in rice production as the singular objective for ensuring food security. Almost all expenditure 
in the agriculture sector and incentives in the form of subsidies on fertiliser and fuel have been aimed at 
boosting cereal production. Government policy of keeping input prices affordable to the farmers and 
provision of agricultural credit helped fertiliser use to grow by more than 400% during FY 1981-2008 
(Financial Express of 18 March 2013).   
 
 
 
 
 



48 
 

Shifting of major crop area over 30 years in northwest Bangladesh 
 

 
 

Figure 4.10 (a-e). Change in crop area over time in (a). Bogra, (b). Dinajpur, (c). Pabna, (d). Rajshahi, and 
(e). Rangpur district of northwest Bangladesh 
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Figure 4.11: Change in Boro crop area overtime in northwest Bangladesh. 

 
4.1.5 Intensity of tubewell 
 

The findings show that intensity of tubewell has increased from 6.9 to 36 per square kilometer where 
number of DTW became double and STW reached more than five times higher during 1984-85 to 2010-
11 indicating the number of tubewell increased 8.5 times where irrigated land increased 1.6 times only 
(Fig. 5.12 a, b, c). This is because of linearization of government policy (1979) allowing procurement, 
installation and distribution, and management of irrigation equipment of the country considering 
reduction of burdens on the government budget for subsidies for agricultural inputs like irrigation, 
fertilizer and seeds expansion (Hossain 2009, Saleh et al. 2005, Mandal 2000).  
 
 
 

 
 

Figure 4.12: (a) Intensity of tubewell; (b) increase of tubewell over time; (c) Increase of irrigated area 
over time 
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4.1.6 Changes of wetland area in northwest Bangladesh 
 

Table 4 shows the total wetland area during the dry period at different years in northwest Bangladesh. 
Table 5 shows the change in wetland area in the northwest Bangladesh over the years. Figure 4.31 shows 
the decreasing trend in wetland area.  

 

Table 4.1: Total wetland area in Northwest Bangladesh during the dry period 
Year Wetland Area (km2) 
1989 1208.72 
2000 903.54 
2010 867.18 

 
Table 4.2: Changes in wetland area in northwest Bangladesh during the dry period 
Time Period Change in 

Wetland Area 
(km2) 

Percentage 
Change (%) 

Change in 
Wetland Area 
per Year (km2) 

Percentage 
Change per 
Year (%) From To Year 

Interval 
1989 2000 11 -305.18 -25.25 -27.74 -2.30 

2000 2010 10 -36.36 -4.02 -3.64 -0.40 

 

 
Figure 4.13: Change in wetland area in northwest Bangladesh during the dry period 

 
It was found that about one-third of the total wetlands in the northwest region of Bangladesh has been lost 
over the period of 21years (1989-2010). However, the rate of decreasing is much lower in 2000-2010 than 
1989-2000. Figure 8 shows chronological maps of wetland area of northwest Bangladesh during the dry 
periods in 1989, 2000 and 2010. Previous study identified that significant changes occurred in pre and 
post-urban changes of water bodies in the city area. This study revealed that in 1968, the total area of 
marshy and peaty inundated low-lying areas was 133 km2, which was reduced to 67 km2 in 2001. 
Moreover, the total area of inland lakes as estimated from the aerial photos of 1968 was 5.1 km2 which 
became 1.8 km2 in 2001. More than 50% of the wetland reduced over the period from 1968 to 2001. This 
was likely due to urban infrastructures filled and/or compartmentalized the water bodies in various part of 
the city (Sultana et al. 2009). The government has policy to protect, restore, and preserve the environment 
including wetlands, mangrove, and so on, but its execution is limited.   
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1989 2000 2010 

Figure 4.14: Chronological maps of wetland area of northwest Bangladesh during the dry periods in 1989, 
2000 and 2010. 
 
Table 4.2 shows the total wetland area in Rajshahi, Pabna, Bogra, Rangpur and Dinajpur districts during 
the dry periods in 1989, 2000 and 2010. Table 4.4 shows the changes of wetland area in these selected 
districts over the period.  

 
Table 4.3: Total wetland area in selected districts during the dry period 

Year District-wise wetland area (km2) 
Rajshahi Pabna Bogra Rangpur Dinajpur 

1989 79.89 123.02 125.13 24.04 15.54 

2000 67.58 98.31 104.82 11.21 12.52 

2010 52.59 76.85 94.57 12.78 17.09 
Note: Dinajpur district not fully covered by Satellite Imagery (about 95% covered) 

 
Table 4.4: Changes in wetland area in selected districts during the dry period 

District 
Time period Change in 

wetland 
area (km2) 

Percentage 
change 

(%) 

Change in 
wetland area per 

year (km2) 

Percentage 
change per 
year (%) From To Year 

interval 

Rajshahi 
1989 2000 11 -12.31 -15.41 -1.12 -1.40 
2000 2010 10 -14.99 -22.18 -1.50 -2.22 

Pabna 
1989 2000 11 -24.71 -20.09 -2.25 -1.83 
2000 2010 10 -21.46 -21.83 -2.15 -2.18 

Bogra 
1989 2000 11 -20.31 -16.23 -1.85 -1.48 
2000 2010 10 -10.25 -9.78 -1.03 -0.98 

Rangpur 
1989 2000 11 -12.83 -53.37 -1.17 -4.85 
2000 2010 10 1.57 14.00 0.16 1.40 

Dinajpur 
1989 2000 11 -3.02 -19.43 -0.27 -1.77 
2000 2010 10 4.57 36.50 0.46 3.65 
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From the tables above, it is found that in all of the selected districts except Dinajpur, wetlands have 
decreased since 1989. However, in Rangpur wetlands have increased nominally during 2000-2010 after it 
lost more than half of its wetlands during 1989-2000. Among the districts selected from Rajshahi 
division, Pabna lost highest percentage of wetlands since 1989. Figure 4.15 shows changes in total 
wetland area during the dry period in the selected districts. 
 

 
Figure 4.15: Change in wetland area in selected Districts 

 
Table 4.5 shows the total wetland area during the dry period in different years in selected upazilas (one 
upazila from each of the districts previously selected). The upazilas are Godagari of Rajshahi, Chatmohor 
of Pabna, Dhupchanchia of Bogra, Badarganj of Rangpur, and Birampur of Dinajpur. 
 

Table 4.5: Total wetland area in selected upazilas during the dry period 

Year 
Upazila (District)-wise wetland area (km2) 

Godagari 
(Rajshahi) 

Chatmohor 
(Pabna) 

Dhupchanchia 
(Bogra) 

Badarganj 
(Rangpur) 

Birampur 
(Dinajpur) 

1989 9.84 3.22 0.20 1.31 0.47 

2000 11.55 1.91 0.26 0.48 0.51 

2010 3.23 2.54 0.05 1.11 0.70 
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Table 4.6: Changes in wetland area in selected upazilas during the dry period 

Upazila 
Time period Change in 

wetland area 
(km2) 

Percentage 
change 

(%) 

Change in 
wetland area 

per year (km2) 

Percentage 
change per 
year (%) From To Year interval 

Godagari 
1989 2000 11 1.71 17.34 0.155 1.58 

2000 2010 10 -8.32 -72.03 -0.832 -7.20 

Chat- 
mohor 

1989 2000 11 -1.31 -40.68 -0.119 -3.70 

2000 2010 10 0.63 32.98 0.063 3.30 

Dhup- 
chanchia 

1989 2000 11 0.06 30.00 0.005 2.73 

2000 2010 10 -0.21 -80.77 -0.021 -8.08 

Badarganj 
1989 2000 11 -0.83 -63.36 0.083 -5.76 

2000 2010 10 0.63 131.25 0.063 13.13 

Birampur 
1989 2000 11 0.04 8.51 0.004 0.77 

2000 2010 10 0.19 37.25 0.019 3.73 
 
Among the selected upazilas, all except Birampur of Dinajpur district have lost significant amount of 
wetlands since 1989. On the other hand, wetlands in Birampur show an increasing trend since 1989 to 
2010. Considering only the time period of 2000-2010, wetlands in Badarganj upazila of Rangpur have 
increased about twice of its area, which is the highest during this period among the selected upazilas. 
However, Dhupchanchia upazila of Bogra district and Godagari upazila of Rajshahi district have lost 
more than 80% and 70% respectively of their wetlands during the same period. 
 
Figure 4.16 shows changes in total wetland area during the dry period in the selected upazilas. 
Chronological maps of wetland area of the selected five upazilas during the dry periods of 1989, 2000 and 
2010 are shown in Appendix. 

 

 
Figure 4.16: Change in wetlands in selected upazilas 
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4.1.7 Evapotranspiration 
 

Once the evaporative fraction map and daily net radiation map were developed, the daily 
evapotranspiration map was estimated. The evapotranspiration value ranged from 0.16008 to 8.15742 
mm/day in the northwest region on 19 April 2011 (Fig. 4.17). 

 
 

Figure 4.17: Map of single day evapotranspiration (mm/day) 
 
ET of Boro rice estimated by Penman-Monteith and SEBAL methods 
 

ET has been calculated using the data of the nearest meteorological district . The mean value of ET of the 
study area has been computed for the growing season (Table 10). The ET values estimated by SEBAL. It 
is evident that ET values of MODIS using SEBAL algorithm underestimates ET vales computed from 
ground-based measurements (from meteorological station information). Similar results have been 
reported by Sun et al. (2010) where daily ET (mm/day) computed from remote sensing image from 
MODIS and MSG satellite underestimates that of ground-based measurements. The mean absolute error 
(MAE) value between these two methods was found as 0.92 mm/day and the MAE value of this study is 
about 0.6mm/day (Appendix Fig. 3.18 a,b). 
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Table 4.7: Mean value evapotranspiration of boro rice for the study area estimated by Penman-Monteith 
and SEBAL methods 

Date DOY Mean ETo Kc 
Mean ETc 

(Penman-Monteith) 
Mean ET 
(SEBAL) 

05-Jan-11 5 1.77 1.05 1.86 1.56 
13-Jan-11 13 1.35 1.05 1.42 1.89 
21-Jan-11 21 1.63 1.05 1.71 2.39 
29-Jan-11 29 1.82 1.06 2.18 2.49 
06-Feb-11 37 2.36 1.08 2.83 1.60 
14-Feb-11 45 2.28 1.11 2.73 1.92 
22-Feb-11 53 2.45 1.13 2.94 2.23 
02-Mar-11 61 3.31 1.15 3.97 2.66 
10-Mar-11 69 3.58 1.17 4.29 3.37 
18-Mar-11 77 3.30 1.19 3.96 3.88 
26-Mar-11 85 3.38 1.20 4.06 2.94 
03-Apr-11 93 3.52 1.20 4.22 3.56 
11-Apr-11 101 4.33 1.20 5.19 4.44 
19-Apr-11 109 4.60 1.20 5.52 5.03 
27-Apr-11 117 4.22 0.79 3.33 3.96 
05-May-11 125 4.70 0.66 3.10 3.17 
 

 
Figure 4.18 shows a chronological plot of ET value estimated by the Penman-Monteith and SEBAL 
methods. The remote sensing techniques show a constant underestimation of the ground-based 
measurements. Hence, a bias correction factor of 0.6mm/day based on the MAE error value has been 
applied to the ET value measured by SEBAL method. Figure 4.19 shows time series plot of ET computed 
by the SEBAL method (after applying bias correction) and Penman-Monteith method. It is evident that 
results have been improved after applying this bias correction.  
 

 
Figure 4.18: Comparison of mean ET estimated by SEBAL and Penman-Monteith methods 
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Figure  4.19: Comparison of mean ET estimated by SEBAL after applying a constant bias correction 

(0.6mm/day) and Penman-Monteith methods 
 
4.1.7.1 Chronological changes in evapotranspiration 
 

Using the SEBAL method evapotranspiration was estimated for the northwest region during the boro rice 
growing season in 2011. It was found that evapotranspiration of boro rice increased with time and the 
highest evapotranspiration was found on 19 April 2011, which was 104 days after the assumed date of 
plantation (5 January 2011). It should be noted that the satellite image  (8 days after plantation) had a 
huge cloud cover over almost the entire Rangpur division. Therefore, there were improper NDVI values 
and undefined values of evapotranspiration in the image of that day over the particular area (Appendix). 
Applying the mask image which shows only boro rice area, ET maps were generated for the study area. 
Figure 4.20 shows the chronological changes in daily ET of boro rice in northwest Bangladesh during the 
growing season in 2011.  
 

Changes of ET of boro rice during the growing season for all the five upazilas were computed separately 
(Appendix 1). Please note that the Day of Year (DOY) is lagged by 5 days from the Days after Plantation 
or DAP (DAP=DOY-5). 
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Figure 4.20: Changes in daily evapotranspiration of boro rice for the northwest Bangladesh 



58 
 

4.1.8 Excess water estimation  
 

Table 4.8 shows the estimation of irrigation water requirement in dry season crops mainly boro in five 
upazilas. Considering ET of boro crop and for other losses (i.e. percolation and seepage losses, land 
preparation, water for standing water layer), analysis shows that net irrigation water requirement of boro 
crop ranges from 1001.7 to 1057.4 mm in depth across in five upazilas. Besides, the results show that 
volume of irrigation water requirement ranges from 127.1 to 185.6 million m3 and gross irrigation water 
requirement ranges from 139.8 to 204.2 million m3 considering conveyance and distribution loss equals 
10%.   
 

Table 4.8: Estimation of irrigation water requirement of boro crop in the study area  

District 
 

Upazila 
 

ETcrop 
during 
Jan-
May 
(mm) 

 

Pe 
(Jan-
May) 
(mm) 

 

Water 
requirement 

for land 
preparation+ 

Others* 
(Wps+ 

Wlp+ Wl) 
(mm) 

Net water 
requirement 

for boro 
( mm) 

Boro 
area 
(ha) 

 

Irrigation 
Water 

Requirement 
(million m3) 

GIWR 
(IWR 

+ 
System 

loss 
10%), 
million 

m3 

Rajshahi Godagari 391.4 123.6 750 1017.8 18240.0 185.6 204.2 

Pabna Chatmohor 438.3 141.6 735 1031.6 12350.0 127.4 140.1 

Bogra Dhupchanchia 460.9 177.3 720 1003.6 12663.5 127.1 139.8 

Rangpur Badarganj 497.3 140.0 700 1057.4 17476.5 184.8 203.3 

Dinajpur Birampur 470.0 173.3 705 1001.7 16150.0 161.8 178.0 

Average 157.3 173.1 

     
GIWR= Gross irrigation water requirement = Net irrigation water requirement +System loss (i.e. 
distribution and conveyance losses); GIWR is considered here as irrigation water requirement (IWR) 
Pe-Effective rainfall 
*Others- Wps-Percolation and seepage losses of water from paddy field 
Wlp-Water required for land preparation 
Wl-Water to establish standing water layer 

 

Table 4.9 describes estimation of excess water lifted by shallow and deep tubewells in five upazilas 
during the dry period. Analysis shows that 68% of groundwater lifted by STWs and rest by DTWs. 
Amount of lifted water water was found highest in Badarganj of Rangpur district followed by Godagari of 
Rajshahi, Birampur of Dinajpur, Chatmohor of Pabna district, and least in Dhupchancia of Bogra district. 
The excess water lifted during irrigation was found highest in Badarganj followed by Chatmohor, 
Birampur, Godagari, and least in Dupchanchia. On an average, 78.7% of lifted water was necessary to 
meet irrigation water requirement and the rest 21.3% was not necessary for this purpose, which is termed 
as excess water (Fig. 4.21). This was also revealed from the questionnaire survey where it was revealed 
that over 88% of farmers are well aware of excessive pumping. 
 

Analysis reveals that the cost of excess water lifted by DTW is estimated to be Tk. 2,201-7,075.8 per 
hetare (Table 4.10) and Tk. 7,547.5-10,058.4 for STW (Table 4.11). The study found that the cost of 
irrigation by privately owned tubewells was higher than that of the government tubewells. The cost was 
also higer in the case of disesel than electricity driven pumps. Our analysis also found that the cost of 
irrigation from private tubewells would be between Tk. 15,000- 33,000 per hectare while for public 
tubewell it ranged between Tk. 7,500-11,250. Lowest irrigation cost was found in Godagari upazila of 
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Rajshahi district where water is paid by volume using a pre-paid meter. Analysis revealed an increasing 
trend of irrigation cost for boro production which was Tk. 3943.0 in 1989 and increased more than three 
times in 2011. If this trend is continued than it is predicted that irrigation cost would be Tk. 16,712 in 
2031, which is four times higher than the cost of 1989. National Sustainable Developmet Strategy (2008) 
has suggested promoting electricity, natural gas or solar energy driven pump instead of diesel driven 
pump for environmental sustainability but its execution is limited nationwide.   
 

Table 4.9: Estimation of excess water  

District 
 

Upazila 
 

No. 
of 

DTW 
 

No. 
of 

STW 
 

Lifted 
water by 

STW 
(million 

m3) 

Lifted 
water by 

DTW 
(million 

m3) 

Total Lifted 
water by TW 
(STW+DTW) 
(million m3) 

Irrigation 
water 

requirement 
(million m3) 
(Table 4.8) 

Excess 
water 
lifted 

(milion 
m3) 

1 2 3 4 5 6 7 8 9 

Rajshahi Godagari 718 2430 111.0 134.9 245.9 204.2 41.7 

Pabna Chatmohor 227 2875 42.2 141.1 183.4 140.1 43.2 

Bogra Dhupchanchia 281 783 97.5 65.9 163.4 139.8 23.6 

Rangpur Badarganj 79 7115 15.7 293.8 309.5 203.3 106.2 

Dinajpur Birampur 346 1947 89.1 126.1 215.2 178.0 37.2 

Total 355.5 761.8 1117.3 865.4 251.9 

Average 71.1 152.4 223.5 173.1 50.4 

 
 

 
 

Figure 4.21: Distribution of irrigation water requirement and excess water lifted 
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Table 4.10: Cost of excess water from DTW 

District 

Excess water by 
DTW & STW 
(million m3) 

From Table 12 

*Lifted 
water 

by 
DTW, 
m3/hr 

Total cost of excess water lifted 
(milllion Tk) 

Cost of excess water 
(Tk/ha) 

Electricty driven 
(Tk. 140/hr) 

Diesel driven 
(Tk. 450/hr) 

Electricity 
driven 

Diesel 
driven 

Rajshahi 41.7 

203.9 

28.6 92.0 1568.4 5041.28 

Pabna 43.2 29.7 95.4 2402.89 7723.58 

Bogra 23.6 16.2 52.1 1279.32 4112.1 

Rangpur 106.2 72.9 234.4 4173.19 13413.8 

Dinajpur 37.2 25.6 82.2 1582.96 5088.09 

Average 50.4  34.6 111.2 2201.4 7075.8 
 

*Considering capacity of DTW equals 2 cusec i.e. 203m3/hr; Fuel cost equals Tk 140-450 per hour when DTW is 
driven by electricity and diesel respectively (from primary survey) 

 
Table 4.11: Cost of excess water from STW 

District 

Excess water by 
DTW & STW 
(million m3) 

[From Table 12] 

*Lifted 
water 

by 
DTW, 
m3/hr 

Total cost of excess water lifted 
(milllion Tk) 

Cost of excess water 
(Tk/ha) 

Electricty driven 
(Tk. 140/hr) 

Diesel driven 
(Tk. 450/hr) 

Electricity 
driven 

Diesel 
driven 

Rajshahi 41.7 

51.0 

98.0 130.7 5374.73 7166.3 

Pabna 43.2 101.7 135.6 8234.44 10979.3 

Bogra 23.6 55.5 74.0 4384.09 5845.46 

Rangpur 106.2 249.9 333.2 14301.1 19068.1 

Dinajpur 37.2 87.6 116.8 5424.64 7232.85 

Average 50.4  118.6 158.1 7543.8 10058.4 
 

*Considering capacity of STW equals 0.5 cusec i.e. 51m3/hr; Fuel cost equals Tk 120-160 per hour when STW is 
driven by electricity and diesel respectively (from primary survey) 

 
4.2 Financial and economy profitability of major crops grown in rabi season 
 
The financial profitability of crop production depends on output prices of the products, cost of production, 
availability of production technologies and government input and output price policies. In the study areas 
five major crops were grown namely rice, potato, mustard, wheat and pulses. In order to formulate 
suitable policy guidelines for crop production, overall information regarding the profitability of growing 
crops, nature of price distortions, trading opportunities, and comparative advantages (without or with 
limited subsidies) are to be determined. Therefore, an attempt has been made to determine the existing 
status of financial and economic profitability of crop production. Price incentives, and the comparative 
advantage of cultivating crops by using scarce resources are essential to suffice this analysis. 
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4.2.1 Boro Rice 
 
Rice is the main staple food in Bangladesh. Rice can be cultivated throughout the year since the country is 
endowed with favorable climate and soils. Most of the cultivated rice varieties are high yielding. The area 
and production of rice were 11.59 lakh hectare and 319.75 lakh metric tons, respectively with an average 
yield of 2.40 t/ha (BBS 2010).  
 
A little difference existed among costs and returns for producing Boro rice among farms but among 
locations significant difference existed. Per hectare total costs were Tk. 96,839, Tk. 96,080. Tk. 90,378, 
Tk. 87,883 and Tk. 86,583 in Rajshai, Pabna, Bogra, Rangpur and Dinajpur, respectively. The per hectare 
yield were 5.819 t/ha, 6.483 t/ha, 6.395 t/ha, 6.125 t/ha and 6.192 t/ha in Rajshai, Pabna, Bogra, Rangpur 
and Dinajpur, respectively and their BCR were 1.11, 1.16, 1.18, 1.18 and 1.27. Small farms earned higher 
net return than large and medium farms. Sale price of Boro rice varied among locations which ranged 
from Tk 15,400/ton to Tk 16,800/ton (Table 4.12).  
 
The Agricultural Economics Division of BRRI (Anon, 22004-2010) reported that rice production in 
Bangladesh was profitable over the years since the net returns and BCRs were positive and more than 
unity, respectively. During 2010, the net return and BCR for Boro production were Tk. 5,298 and 1.06, 
respectively. Although the yield and sale price of Aus and Boro rice have positive growth rates and these 
rates are higher than the growth rates of production cost. The report high light that financial profit in 
producing Aus and Boro rice is decreasing year after year due to increase in the cost of inputs. 
 
Table 4.12: Farm size and location wise financial analysis of Boro rice (Tk/ha) 
Items Yield 

(t/ha) 
Sale price 
(Tk/ton) 

Total cost 
(Tk/ha) 

Gross return 
(Tk/ha) 

Net return 
(Tk/ha) 

Undiscoun-
ted BCR 

Rajshai 5.819 16,600 96,839 1,07,822 10,983 1.11 
Marginal 5.740 16,500 94,690 1,05,276 10,586 1.11 
Small 6.015 16,500 99,874 1,10,757 10,883 1.10 
Large+Medium 5.704 16,800 95,953 1,07,433 11,480 1.12 
 
Pabna 6.483 16,633 96,080 1,11,357 15,145 1.16 
Marginal 6.151 16,800 92,113 1,13,549 21,436 1.23 
Small 5.833 16,800 97,835 1,09,426 11,591 1.12 
Large+Medium 6.424 16,300 98,392 1,11,096 12,408 1.13 
 
Bogra 6.395 15,667 90,378 1,06,057 15,680 1.18 
Marginal 6.646 15,900 98,779 1,12,220 13,442 1.14 
Small 6.381 15,400 91,011 1,04,429 13,418 1.15 
Large+Medium 6.159 15,700 81,343 1,01,522 20,179 1.25 
 
Rangpur 6.125 15,750 87,883 1,04,067 16,184 1.18 
Marginal 6.057 16,320 87,822 1,04,922 17,100 1.19 
Small 6.340 15,500 92,674 1,05,946 13,272 1.14 
Large+Medium 5.979 15,430 83,154 1,01,334 18,180 1.22 
 
Dinajpur 6.192 15,477 86,583 1,06,866 20,280 1.23 
Marginal 6.321 15,500 84,751 1,08,317 23,558 1.27 
Small 6.095 15,430 85,215 1,05,849 20,634 1.24 
Large+Medium 6.159 14,790 89,782 1,06,431 16,649 1.18 
All Locations 6.203 16,025 91,553 1,07,234 15,654 1.17 
Source: Field survey 2010-11 
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4.2.2 Wheat 
 
Now a days, wheat is the second important cereal crop (both production and consumption) of Bangladesh. 
It is cultivated almost all over the country during the winter season. In 2009-10, the total area and 
production of wheat were 376.42 thousand hectares and 901.49 thousand tons, respectively with an 
average yield of 2.40 t/ha (BBS 2010). Per hectare yield of wheat cultivation were greater in Pabna, 
Rangpur and Dinajpur areas than in Rajshahi area. In Bogra locations farmers did not grew what due to 
high valued vegetables crops. Per hectare net returns varied from Tk. 10, 653 to Tk. 17, 774 and BCR 
from 1.23 to 1.49.The results of analysis suggest that the economic gains were higher for the production 
of wheat compared Boro. This was due to less costs of production for wheat. Sale price of wheat was 
almost similar among farms and locations (Table 4.13). The Agricultural Economics Division of BARI 
(Anon 2004-2009) reported that wheat cultivation was more profitable than rice cultivation. During 2009, 
per hectare production, return and BCR for wheat cultivation were 2.65 t/ha, Tk. 43,636 and 1.48, 
respectively. 
 
Table 4.13: Farm size and location wise financial analysis of wheat (Tk/ha) 
Items Yield 

(t/ha) 
Sale price 
(Tk/ton) 

Total cost 
(Tk/ha) 

Gross return 
(Tk/ha) 

Net return 
(Tk/ha) 

Undiscoun-
ted BCR 

Rajshai 2.948 18,870 42,536 56,818 14,282 1.34 
Marginal 2.860 18,750 42,972 53,625 10,653 1.25 
Small 2.989 18,860 42,169 59,943 17,774 1.42 
Large+Medium 2.994 19,000 42,467 56,886 14,419 1.34 
 
Pabna 3.349 19,010 44,134 63,681 19,547 1.44 
Marginal 3.412 19,230 44,138 65,613 21,475 1.49 
Small 3.334 19,200 43,242 64,013 20,771 1.49 
Large+Medium 3.302 18,600 45,022 61,419 16,395 1.36 
 
Rangpur 3.126 18,767 44,501 58,646 14,146 1.32 
Marginal 2.890 18,880 43,674 54,563 10,890 1.25 
Small 3.300 18,750 44,521 61,875 17,354 1.39 
Large+Medium 3.187 18,670 45,308 59,501 14,193 1.31 
 
Dinajpur 3.242 18,523 43,897 60,020 16,123 1.37 
Marginal 3.078 18,630 42,862 57,343 14,481 1.34 
Small 3.248 18,940 44,316 61,517 17,201 1.39 
Large+Medium 3.400 18,000 44,513 61,200 16,687 1.37 
All Locations 3.166 18,793 43,767 59,791 16,025 1.37 
Source: Field survey 2010-11 
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4.2.3 Potato 
 
Potato is a cash incentive crop in Bangladesh. It can be used as food as well as vegetable by all the classes 
of people. Potato cultivation was not reported by Rajshahi and Pabna’s farmers. Per hectare total cost for 
producing potato was Tk. 1,08,511, Tk. 1,13,045 and Tk. 1,07, 074 in Bogra, Ranpur and Dinajpur areas, 
respectively, which was almost similar but BCR varied from 1.16 to 1.35.  In general yields and gross 
return were better in Bogra area (Table 4.14). The results of analysis suggest that the economic gains 
were higher for the production of potato compared to Boro (Tables 4.12 and 4.14).  
 
Haque et al. (2005) estimated the profitability of potato cultivation under integrated crop management 
(ICM) and farmers’ production practice (FPP) in Bogra, Comilla, Munshiganj and Rajshahi districts. The 
net returns received by the farmers ranged from Tk. 65,600 to Tk. 1,05,363 for ICM and Tk. 12,845 to 
Tk. 74,271 for FPP. The BCRs ranged from 1.85 to 2.77 for ICM and 1.15 to 2.16 for FPP. The other 
economic studies conducted (Parvin, 2010; Azimuddin et al. 2009; and Hossain et al. 2008) during the 
period from 2008 to 2010 revealed that the cultivation of potato at farm level was profitable to the farmers 
ranged from Tk. 83, 145 to 1,74,319 and the BCRs ranged from 1.58 to 2.40. 
 
Table 4.14: Farm size and location wise financial analysis of Potato (Tk/ha) 
 
Items Yield 

(t/ha) 
Sale price 
(Tk/ton) 

Total cost 
(Tk/ha) 

Gross return 
(Tk/ha) 

Net return 
(Tk/ha) 

Undiscoun-
ted BCR 

Bogra 13,189 10,137 1,08,511 1,33,661 25,150 1.24 
Marginal 13.346 10,040 1,15,580 1,33,994 18,414 1.16 
Small 12,750 10,300 1,09,291 1,31,325 22,034 1.20 
Large+Medium 13,472 10,070 1,00,662 1,35,663 35,001 1.35 
 
Rangpur 12,929 10,657 1,13,045 1,37,789 24,744 1.22 
Marginal 13.118 10,780 1,18,364 1,41,412 23,048 1.19 
Small 12.555 10,630 1,14,813 1,33,400 18,647 1.16 
Large+Medium 13.115 10,560 1,05,957 1,38,494 32,537 1.31 
 
Dinajpur 13.114 10,403 1,07,074 1,36,453 25,379 1.27 
Marginal 13.340 10,600 1,09,710 1,41,404 31,694 1.28 
Small 12.876 10250 1,08,778 1,31,979 23,201 1.21 
Large+Medium 13,125 10,360 1,02,733 1,35,975 33,242 1.32 
All Locations 13.074 10,399 1,09,543 1,35,968 25,091 1.24 
Source: Field survey 2010-11 
 
4.2.4 Mustard 
 
The total area and production of oilseed are about 366 thousand hectares and 786 thousand tons, 
respectively (BBS, 2010). Mustard is the principal oilseed crop of Bangladesh. It occupies more than 75% 
of the total oilseed cropped areas. It grows during the Rabi season (October – February). In general 
irrigation water was not used in production of mustard. On average better yield of mustard was found in 
Bogra and Dinajpur areas (ranged from 1.443 t/ha to 1.521 t/ha and thus gross returns were also high 
(ranged from Tk. 58,584 to Tk. 63,322). Production costs were low but BCRs were higher than rice and 
potato (Table 4.15).  
Economic studies showed that the cultivation of oilseed is profitable. Miah and Alam (2008) reported that 
the net returns and BCR were from HYV mustard was Tk. 35,676/ha and 2.23, respectively, which were 
higher than local variety (Tk. 14,885 and 1.56, respectively). 
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Table 4.15: Farm size and location wise financial analysis of Mustard (Tk/ha) 
 
Items Yield 

(t/ha) 
Sale price 
(Tk/ton) 

Total cost 
(Tk/ha) 

Gross return 
(Tk/ha) 

Net return 
(Tk/ha) 

Undiscoun-
ted BCR 

Rajshai 1.225 40,000 36,793 50,185 13,393 1.37 
Marginal 1.249 40,000 34,871 49,960 15,089 1.43 
Small - - - - - - 
Large+Medium 1.200 40,000 38.714 50,410 11,696 1.30 
 
Pabna 1.243 40,833 39,995 52,974 12,979 1.32 
Marginal 1.420 40,110 40,958 56,956 15,998 1.39 
Small 1.121 42,080 40,406 52,205 11,799 1.29 
Large+Medium 1.188 40,310 38,621 49,762 11,141 1.28 
 
Bogra 1.443 40,667 44,652 58,584 13,932 1.31 
Marginal 1.276 42,000 40,251 53,592 13,341 1.33 
Small 1.478 40,000 46,945 59,120 12,175 1.26 
Large+Medium 1.576 40,000 46,760 63,040 16,280 1.35 
 
Rangpur 1.225 42,133 40,413 52,796 12,383 1.31 
Marginal 1.215 43,000 41,860 52,245 10,385 1.25 
Small 1.261 42,000 40,612 56,504 15,892 1.39 
Large+Medium 1.199 41,400 38,766 49,639 10,873 1.28 
 
Dinajpur 1.521 41,660 42,763 63,322 20,559 1.47 
Marginal 1.611 40,580 43,330 65,374 22,044 1.51 
Small 1.300 42,150 40,448 54,795 14,347 1.35 
Large+Medium 1.652 42,250 44,511 69,797 25,286 1.56 
All Locations 1.331 41,059 40,923 55,572 14,649 1.36 
Source: Field survey 2010-11 
 
4.2.5 Pulses (Lentil) 
 
 Pulses (mainly lentil, mungbean, vetch (khesari), blackgram etc.) are important legume crops that play an 
important role in sustaining soil productivity. It is one of major source of protein of poor people of 
Bangladesh. About 233.20 thousand hectares of land are under pulses cultivation, which was 3.06% of the 
total cropped area of the country (BBS 2010).  
 
Only farmers under Pubna area cultivated lentil. Among farms marginal farms obtained better gross 
return (Tk. 26,978/ha) and BCR (1.51) than other categories of farms (Table 4.16). The result of the 
analysis suggests that the economic gains were highest for the production of lentil than others crops. This 
was due to higher market price of lentil. Lentil production is profitable since it requires less input and 
minimum cost. Rahman et al. (2011) reported that net return ranged from Tk. 6,712 to Tk. 27,838 and the 
BCRs ranged from 1.51 to 2.26 for pulses (lentil) production during 2000 to 2011.  
 
 
 



65 
 

Table 4.16. Farm size and location wise financial analysis of lentil (Tk/ha) 
 
Items Yield 

(t/ha) 
Sale price 
(Tk/ton) 

Total cost 
(Tk/ha) 

Gross return 
(Tk/ha) 

Net return 
(Tk/ha) 

Undiscoun-
ted BCR 

Pabna 1.727 45,733 53,020 78,972 25,952 1.49 
Marginal 1.750 45,600 52,822 79,800 26,978 1.51 
Small 1.660 45,600 51,455 75,696 24,241 1.47 
Large+Medium 1.770 46,000 54,784 81,420 26,636 1.49 
Source: Field survey 2010-11 
 
4.3 Comparison of financial profitability 
 

It is observed from the financial analysis that among the studied crops highest gross return (Tk. 
135968/ha) was found for potato followed by boro rice (Tk. 107234/ha), lentil (Tk. 81420/ha), wheat (Tk. 
59791/ha) and mustard (Tk. 55572/ha). Highest benefit cost ratio was calculated for lentil (1.49) followed 
by  wheat (1.37) and mustard (1.36). On the other hand, lowest benefit cost ratio was obtained from boro 
rice (1.17) followed by potato (1.24) (Table.4.17). 
 

 
Fig 4.22: Cost and return of different crops cultivation 

 
Table 4.17 Comparison of financial profitability among different crops 
Crops Total cost (Tk/ha) Gross return (Tk/ha) Net return (Tk/ha) Benefit cost ratio 
Boro rice 91553 107234 15654 1.17 
Wheat 43767 59791 16025 1.37 
Potato 109543 135968 25091 1.24 
Mustard 40923 55572 14649 1.36 
Lentil 54784 81420 26636 1.49 
Source: Field survey 2010-11 
 

 
Figure 4.23: Benefit Cost Ratio of Crops 
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4.4 Economic profitability/comparative advantage of major crops 
 
In Bangladesh, the social or economic profitability of cultivating crops may deviates from financial 
profitability due to distortion of input and output markets, externalities, and government policy 
interventions. The economic profitability estimation of crops could help in deriving meaningful policy 
guidelines toward social profitability. The government policy regarding external trade and exchange rate 
management can affect the structure of incentives within agriculture, as well as between agricultural and 
other sectors through direct and indirect effects on domestic price determination. The direct affect on 
prices arises from commodity specific policies such as taxes, subsidies and quantities restrictions on 
export and import. This effect is measured by the proportional differences between the domestic price and 
the border price (import or export parity price) at official exchange rate.  
 
4.4.1 Nominal protection rate (NPR) 
 

4.4.1.1 BoroRice 
It is often difficult to determine reference price for rice due to its quality differences between 
internationally traded rice and domestically produced rice in Bangladesh. The great bulk of rice produced 
in Bangladesh is medium coarse rice (relatively medium quality). In determining a comparative 
internationally traded grade of rice, we relied on assessments of private traders. Discussions with traders 
suggested that Bangladeshi medium quality rice is equivalent to medium quality rice of Thailand (5% 
broken). We have, therefore, chosen the medium quality rice Thailand (5% broken) as reference grade for 
comparison with domestic medium quality rice for which data were readily available from Database on 
Giews of FAO (Food Situation Bangladesh). Bangladesh has been a marginal rice importer, thus the 
import parity price is the still relevant world reference price as has been used in this study.  
The evidence of protection on rice from 2005 to 2011 is presented in Table 4.18, which revealed that the 
domestic-to-border price ratio was less than unity all the years, indicating that nominal rate of protection 
was negative at the import parity price indicating that domestic boro rice production was taxed and 
consumers were subsidized. The NRP of 5 per cent in 2008 was the highest during the period under 
review. This was due to a sharp increase in domestic producer price during the year. As a result of 
moderate increase in world price from 2008 to 2011, the NRP was reduced to -0.503 per cent, the highest 
in the sense of negative protection. Average NRP from 2005 to 2011 was -0.279 percent for import parity 
price. It suggests that domestic rice production was taxed and consumers were subsidized.  
 
Table 4.18. Trends in domestic-to-border price ratio (NPC) and nominal rate of protection (NRP) 

of ricea (import parity) at official exchange rate 
 

Year 
Import parity 

Domestic priceb 
(Tk/ton) 

Border pricec   
(Tk/ton) 

NPC NRP (percent) 

2005 8780 11544 0.761 -0.239 

2006 9490 11891 0.798 -0.202 
2007 10990 12588 0.873 -0.127 

2008 13380 26945 0.497 -0.503 
2009 13010 23610 0.551 -0.449 
2010 12760 18232 0.700 -0.300 

2011 17287 19889 0.869 -0.131 
Source: Domestic price of boro rice (2005-2010) were obtained from BBS(2011-12) and 2011 was field survey and 

border price of boro rice were calculated byown 
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Note: a. Medium quality rice; b. Wholesale price of medium quality rice; c. Import parity border price. 
 

 

Figure 4.24: Boro rice price in Bangladesh (Import parity) 

4.4.1.2 Wheat 

Historically, food grain deficit of the country has been filled-in through wheat imports. Before 2003 
wheat was clearly an importable and domestic production substitutes for imports. Now-a-days, situation 
has changed, which is reflected in the present analysis. Farm gate prices have been used as the domestic 
producer prices, while the US Hard Winter No. 2 wheat price has been used as the world wheat price. 
Table 4.19 indicates that NRP for wheat was negative at the import parity in all the years.  As a result of 
moderate increase in world price, the NRP reduced to -0.327 per cent, the highest in the sense of negative 
protection. Average NRP from 2005 to 2011 was -16 percent for import parity price. It suggests that 
domestic wheat production was taxed and consumers were subsidized. The change of boarder and 
domestric price of wheat over time is shown in Figure 4.25 
Rashid 2009 reported NRP from 1980/81 to 2004/05. He mentioned that out of 25 years NRP for wheat 
was positive in 18 years, while it was negative only 7 years. The level of protection was positive in early 
1980s with average NRP being 5 per cent. From mid 1980s, average NRP was 21 per cent. In early 1990s 
the NRP for wheat declined from 21 to 2 per cent. In late 1990s, the structure of protection increased from 
2 to 12 per cent. Therefore, the border parity price of wheat at producer level measured at official 
exchange rate mostly higher than the domestic producer price, with average NRP of 6 per cent for the 
period 1980/81 to 2004/05 (Rashid 2009). 
 

Table 4.19. Trends in domestic-to-border price ratio (NPC) and nominal rate of protection (NRP) 
of wheata (import parity) at official exchange rate 

 
Year 

Import parity 

Domestic priceb(Tk/ton) Border pricec(Tk/ton) NPC NRP (percent) 

2005 11850 13026 0.910 -0.090 

2006 14320 14529 0.986 -0.014 

2007 16790 18457 0.910 -0.090 

2008 19260 26545 0.726 -0.274 

2009 17465 20683 0.844 -0.156 

2010 18129 21514 0.843 -0.157 

2011 18885 28072 0.673 -0.327 
Source: Domestic price of wheat were obtained from Rashid (2010) and border prices of wheat were calculated by own; Note: a. 

US hard winter No. 2; b. Harvest time domestic price and c. Import parity border price 
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Figure 4.25: Wheat price in Bangladesh 

4.4.1.3 Potato 
Potato is extensively used as vegetable in Bangladesh. Bangladesh is virtually self-sufficient in potato 
production. However, seed potatoes are imported by the BADC from Holland every. It is reported that a 
very small amount of potatoes have been exported under the government initiative. Due to large 
production instability induced by weather shifts, periods of scarcity and surplus arise, altering the 
potential trade status of the country for this commodity (Huda, 2001). In calculating protection rates, 
import parity prices at producer level were used as the reference price under free trade. The results from 
Table 4.20 indicated that potato production was negatively protected for the study period 2005 to 2011in 
import parity level. The change of boarder and domestric price of potato over time is shown in Figure 
4.26. 
On average the nominal rate of protection (NRP) was -54 per cent for import parity level. Mahmud et al. 
(1994) treated potato as a non-traded product for economic evaluation. But Shabuddin and Dorosh (2002) 
estimated its potential economic return under alternative import and export regimes. In both the studies 
the economic profitability was much higher than its financial returns. Rashid, 2009 calculated protection 
rates under both import and export parity prices at producer level as reference price. He concluded that 
potato production was negatively protected from 1980/81 to 2004/05 both at export and import parity 
prices.  
 
Table 4.20. Trends in domestic-to-border price ratio (NPC) and nominal rate of protection (NRP) 

of potatoa (import parity) at official exchange rate 
 

Year 
Import parity 

Domestic priceb Border pricec NPC NRP (percent) 
2005 7725 12171 0.635 -0.365 

2006 7740 14122 0.548 -0.452 

2007 7755 19216 0.404 -0.596 

2008 7770 21355 0.364 -0.636 

2009 7785 18539 0.420 -0.580 

2010 7800 23059 0.338 -0.662 

2011 10399 20558 0.506 -0.494 
Source: Domestic prices of potato were obtained from Rashid (2010) and border prices were calculated by own 
Note: a. Potato (US Gulf); b. Harvest time market price of Potato; c. Import parity border price.    
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.  

Figure 4.26: Potato price in Bangladesh (Import parity) 

4.4.1.4 Mustard 

Mustard is the main oilseed crops in Bangladesh. Farmgate prices have been used as the domestic 
producer prices, while the c.i.f import price has been used as the world mustard seed prices. Among all 
oilseed crops, mustard is clearly an importable item and domestic production only supplements the 
imports. From Table 4.21. The change of boarder and domestric price of Mustard is shown in Figure 4.27. 
It is focused that mustard production was positively protected for last 04 investigated years indicating that 
domestic mustard production was protected and consumers were taxed. Therefore, the border parity price 
of mustard at producer level measured at official exchange rate was higher in last 04 years than the 
domestic producer price. 
 

Table 4.21. Trends in domestic-to-border price ratio (NPC) and nominal rate of protection (NRP) 
of mustarda (import parity) at official exchange rate 

 
Year 

Import parity 
Domestic priceb Border pricec NPC NRP (percent) 

2005 15032 21169 0.71 -0.29 

2006 17417 24422 0.71 -0.29 

2007 17314 21552 0.80 -0.20 

2008 40444 25736 1.57 0.57 

2009 41698 29045 1.44 0.44 

2010 38151 30370 1.26 0.26 

2011 41752 34302 1.22 0.22 
Source: Domestic prices of mustard (from 2005-2010) were collected from annual report of Agril. Economics Div., 

BARI various issues and border prices of mustard were calculated by own 
Note: a. Mustard (c.i.f import price of mustard seed); b. Harvest time market price of Mustard; c. Import parity 

border price.    
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Figure 4.27: Mustard price in Bangladesh 

4.4.1.5 Lentil 
Masur and Khesari are the most important pulses varieties produced and consumed in Bangladesh. 
Therefore, c.i.f import prices of lentils of Bangladesh were used in the parity price calculations. The 
results from Table 4.22 indicates that lentil production is negatively protected for the last 04 study period 
(2008 to 2011). Therefore, the border parity price of lentil at the official exchange rate has remained 
higher than the domestic producer price, with average the nominal rate of protection (NRP) was -16 per 
cent for the period under review (2008 to 2011). The change of boarder and domestric price of lentil is 
shown in Figure 4.28. 
Pulses appeared to be strongly competitive as a non-traded Rabi crops in terms of both financial and 
economic profitability (Mahmud et al. 1994). At import parity price level, the economic profitability of 
pulses was higher compared to financial profitability. Rashid in 2009 reported NRP from 1980/81 to 
2004/05. He mentioned that out of 25 years NRP for lentil was negative for18 years, while it was positive 
for 10 years. The level of protection was negative in early 1980s with average NRP being 10 per cent. 
From mid 1980s, average NRP turned to be positive. In early 1990s the NRP for lentil was negative with 
average -24 per cent. In late 1990s, the structure of protection turned positive with NRP averaged 8 per 
cent. He concluded that border parity price of lentil at producer level at official exchange rate has mostly 
remained higher than the domestic producer price, with average NRP of 2 per cent for the period 1980/81 
to 2004/05 (Rashid et al. 2009). 
 

Table 4.22. Trends in domestic-to-border price ratio (NPC) and nominal rate of protection (NRP) 
of lentila (import parity) at official exchange rate 

 
Year 

Import parity 
Domestic priceb (Tk/ton) Border pricec (Tk/ton) NPC NRP (percent) 

2005 27050 23669 1.143 0.143 

2006 29150 25670 1.136 0.136 

2007 31250 24386 1.281 0.281 

2008 33350 47772 0.698 -0.302 

2009 22691 57523 0.394 -0.606 

2010 32032 62651 0.511 -0.489 

2011 46000 62457 0.737 -0.263 
Source: Domestic pricesof lentil were obtained from Rashid (2010) and border prices of lentil were calculated by own; Note: a. 

Lentil (c.i.f import price of mustard seed); b. Harvest time market price of Lentil; c. Import parity border price.    

 
Figure 4.28: Lentil price in Bangladesh 
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4.4.2 Effective rate of protection (ERP) 
 
Trade and exchange rate policies influence not only the prices of agricultural outputs but also the prices of 
tradable inputs used in production process. Thus, the ERP is more relevant measures of incentives. While 
the direct effects of trade and exchange rate policies on output price are measured by the nominal rate of 
protection (NRP) discussed earlier, the direct effects on value-added (gross output value minus cost of 
marginal inputs) per unit of output of a commodity are measured by the ERP. It is a better measure of 
policy incentive that takes into account the effect of policies on input prices such as a subsidy on 
fertilizer, irrigation, fuel and credit.  
 
4.4.2.1 Boro Rice 
Table 4.23 revealed that effective protection co-efficient (EPCs) for rice at import parity was less than 
one in all the years investigated. The average EPCs for rice was 0.71 for import parity. So the estimates of 
ERP for import parity implied that domestic rice market was dis-protected and production activity was 
receiving a negative incentive or dis-incentive through the existing exchange rate and trade policies. 
 
4.4.2.2 Wheat 
The effective protection co-efficient (EPCs) for wheat were also less than one in most of the years (Table 
4.23). The average EPCs for wheat was 0.85 at official exchange rate and direct effects of ERP estimates 
implied that domestic wheat market was dis-protected and production activity was receiving a negative 
incentive or dis-incentive through the existing exchange rate and trade policies. 
 
4.4.2.3 Potato 
Traded input cost is very low in potato production, like other crops. As a result the effective rates of 
protection were similar to the nominal rates of protection discussed earlier. The average effective 
protection co-efficient (EPCs) was 0.43 at import parity pricefor the period 2005 to 2011. The estimates 
of ERP on an average (Table 4.23) for potato implied that the factor of production of potato could be paid 
up to 57 per cent considering import parity price and still could remain competitive with import. 
 

4.4.2.4 Mustard 
The effective protection co-efficient for mustard at import parity was more than unity in most of the years 
investigated. The estimates of ERP on an average (Table 4.23) for mustard implied that the factors of 
production of mustard could be paid up to 15 per cent under free trade and still could remain competitive 
with import. There is an incentive for factors to be pulled into production of mustard. 
 

4.4.2.5 Lentil 
Due to low traded input component, the effective protection co-efficient (EPCs) for lentil was in general 
similar to nominal protection co-efficient presented earlier. The estimates of ERP on average (Table 4.23) 
for lentil implied that the factors of production of lentil could be paid up to 15 per cent under free trade 
and still could remain competitive with import. 
 
Table 4.23: Effective rates of protection for selected agricultural commodities 

Year Import parity 
Rice Wheat Potato Mustard Lentil 

EPC ERP EPC ERP EPC ERP EPC ERP EPC ERP 
2005 0.78 -0.22 0.95 -0.05 0.62 -0.38 0.68 -0.32 1.17 0.17 
2006 0.82 -0.18 1.03 0.03 0.53 -0.47 0.69 -0.31 1.16 0.16 
2007 0.91 -0.09 0.93 -0.07 0.38 -0.62 0.77 -0.23 1.31 0.31 
2008 0.49 -0.51 0.72 -0.28 0.34 -0.66 1.70 0.70 0.70 -0.30 
2009 0.50 -0.50 0.83 -0.17 0.38 -0.62 1.52 0.52 0.37 -0.63 
2010 0.64 -0.36 0.83 -0.17 0.29 -0.71 1.31 0.31 0.50 -0.50 
2011 0.85 -0.15 0.68 -0.32 0.45 -0.55 1.41 0.41 0.73 -0.27 

Source: Calculated by own 
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4.5 Comparative advantage of crop production 

Comparative advantage is an expression of the efficiency of using resources to produce a particular 
product when measured against the possibilities of international trade. A country will reduce production 
of those goods which can be imported at lower relative prices and will lead to specialize in the production 
of goods which it can produce at lower relative cost. Domestic resource cost (DRC) is used for assessing 
resource use efficiency. 
 
Domestic value added measures the actual payments to factor of production in local currency units. The 
denominator, value added at world prices, is the difference between the world price of the competing 
imports or exports and the cost of imported inputs used to produce that commodity. Thus, DRC becomes 
a measure of domestic cost of earning or saving foreign exchange and is an explicit expression of 
comparative cost principle in international trade. A DRC ratio of less than one implies that the production 
is efficient and makes positive contribution to domestic value added. In contrast, a DRC of greater than 
one indicates that the commodity should not be produced domestically instead of importation. 
 
4.5.1 DRC for Rice 
The estimation of DRC ratios forboro rice for the period 2005 to 2011 both at import parity and export 
parity prices are presented in Table 4.24. The DRCs for bororice were observed less than unity in all the 
investigated years under import and more than unity in most of the years under export parity price 
implying that Bangladesh had comparative advantage in rice production for import substitution and 
disadvantage for export promotion. A study of BRF (2005) reported that economic profitability of 
aromatic and fine rice had comparative advantage in production as import substitute. In export promotion, 
almost all aromatic varieties had comparative advantage. This finding would lend support to the 
arguments for production of selected aromatic and fine rice both for export and import substitution.  
 
4.5.2 DRC for Wheat 
The estimation of DRC in Table 4.24 shows that Bangladesh had comparative advantage in wheat 
production as the estimates of DRC were less than one in the years investigated. However, from long run 
point of view, Bangladesh’s status of international competitiveness in wheat production will be largely 
determined by the agro-climatic determinant on the one hand and world price of wheat on the other.  
 
4.5.3 DRC for Potato 
Potato is treated as a non-traded product for economic valuation, yet the study estimated its comparative 
advantage considering trade potential under import and export regimes.  The estimation of DRC in Table 
4.24 shows that Bangladesh had comparative advantage in potato production as the estimates of DRC 
were less than one in the years investigated. Thus, the results of the study implied that production of 
potato would be highly efficient for import substitution and export promotion. 
 
4.5.4 DRC for Mustard 
The estimation of DRC ratios for mustard for the period 2005 to 2011 at import parity prices are 
presented in Table 4.24. The DRCs for mustard were observed more than unity from 2010 to 2011 
implying that Bangladesh had comparative disadvantage position in mustard production for import 
substitution.  
 
4.5.5 DRC for Lentil 
Lentil has traditionally been grown in dry land soil during seasonal intervals. The estimates of DRC in 
Table 4.24 shows that Bangladesh had comparative advantage in lentil production as the estimates of 
DRC were less than one in the years investigated. It can also be noted from the table that DRC of lentil 
was less than official exchange rate and hence it was less costly to produce lentil in terms of domestic 
resources. 
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Table 4.24:  Domestic resource costs (DRC) for selected agricultural commodities 
Year DRC 

Rice Wheat Potato Mustard Lentil 

Import Export Import Import Export 
parity 

Import Import 
2005 0.881 1.881 0.924 0.733 1.328 0.705 0.610 

2006 0.927 1.889 0.883 0.666 1.056 0.600 0.565 

2007 0.942 1.965 0.759 0.509 0.706 0.712 0.601 

2008 0.447 0.625 0.695 0.483 0.685 0.793 0.581 

2009 0.507 1.006 0.812 0.536 0.820 0.814 0.519 

2010 0.662 1.281 0.774 0.437 0.719 1.104 0.536 

2011 0.689 1.262 0.702 0.507 0.891 1.123 0.553 
Source: Own calculation. 

4.6 Forecasting of Irrigation Cost 
 

To forecast the irrigation cost for Boro rice cultivation, secondary data were used and it was collected 
from various sources: Guesselquist, 1992; IIMI, 1995; Anon, 2004-2009 and Sarkar, 2000. Data were 
collected from 1989 to 2011 and irrigation cost was predicted for next 20 years. Before forecasting of 
irrigation costs for different years, data were tested for stationarity (Appendix). ARIMA model has been 
used to predict irrigation cost.  
 
4.6.1 Model estimation 
 
After AR (Auto Regressive) and MA (Moving Average) are chosen and defined, there will be a process of 
intercept and coefficient estimation. An ARMA (p,q) model has the combined form of AR(p) and MA(q) 
and that is:  
  Yt = a1Yt-1 + … + apYt-p + et  + b1et-1 + … + bqet-q  
 

OLS or Ordinary Least Square Method was used and the above equation can be written in the following 
format: 
Forecasted Result = Intercept + AR (n) +MA (n) + ε 
Where; n = number of lag(s) which was chosen from the selected combination of each costs series 
(Details can be found in the Appendix).  
 

 
4.6.2 Prediction of Irrigation cost (Tk/ha) for Boro Rice Cultivation 
 
The relevant information for the prediction of irrigation cost is presented in Table 4.25. Based on 
irrigation cost from 1989 to 2012, the forecasted irrigation has been developed for the next 20 years 
(2012-2031) is shown in Table 4.28. It is shown from the analysis (Table 4.26) that in 2031, irrigation 
cost would be Tk. 16816.31 which is more than one and half times from the present (2012) irrigation cost 
and about four and half times from 1989.  
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Table 4.25: Relevant information for forcasting of irrigation cost 
 

Regression Results: ARIMA (1,1,0) 
 Intercept AR(1) 

Coefficients 400.9380 -0.3308 
Standard Error 170.6483 0.2105 
t-Statistic 2.3495 -1.5718 
p-Value 0.0287 0.1309 
Lower 5% 694.5798 0.0314 
Upper 95% 107.2962 -0.6930 

Degrees of Freedom 
Degrees of Freedom for Regression 1 
Degrees of Freedom for Residual 21 
Total Degrees of Freedom 22 

Regression Statistics 
Akaike Information Criterion (AIC) 15.3484 
Schwarz Criterion (SC) 15.6211 
Log Likelihood -176.51 
Durbin-Watson (DW) Statistic 1.8869 
Number of Iterations 0 
Adjusted R-Squared 0.0627 
F-Statistic 2.47 

 
 
Table 4.26: Price forecasting of irrigation cost 
 

Year ARIMA (1,1,0 ) 
Forecast LCL UCL 

2012 11136.74 9534.66 12738.83 
2013 11510.73 9535.99 13485.46 
2014 11781.59 9384.15 14179.03 
2015 12085.35 9332.24 14838.47 
2016 12378.62 9284.01 15473.23 
2017 12675.23 9257.77 16092.70 
2018 12970.78 9241.60 16699.96 
2019 13266.67 9235.14 17298.20 
2020 13562.45 9235.72 17889.18 
2021 13858.26 9242.19 18474.33 
2022 14154.06 9253.45 19054.68 
2023 14449.87 9268.72 19631.02 
2024 14745.67 9287.38 20203.96 
2025 15041.48 9308.95 20774.01 
2026 15337.28 9333.02 21341.55 
2027 15633.09 9359.26 21906.91 
2028 15928.89 9387.42 22470.37 
2029 16224.70 9417.26 23032.14 
2030 16520.50 9448.59 23592.42 
2031 16816.31 9481.25 24151.37 
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Twenty years irrigation cost was predicted through the best selected models. The forecasted cost of 
irrigation of boro rice cultivation with relevant information was presented in the Table 3.5. Prediction 
intervals of forecast prices were also presented. 
 

The best model that provided lowest AIC value for 1st difference of price data was ARIMA (1,1,0). It was 
observed from the Table 4.28 that, in 2020, for example the predicted cost of irrigation of boro rice in 
Bangladesh might be Tk. 13562.45. 
 
 

 
Figure 4.29: Actual vs. forecasted cost of irrigation Figure 4.30: Prediction error of irrigation cost 

 
It was also observed from the Table 4.28 that the forecasting cost of irrigation  showed upward pattern 
and also the interval between lower and upper price limit was very close to the prediction cost and also 
the forecasting error was too small (Figure 4.29 to 4.30). 
 
4.6.3 Diagnostic Checking 
 

How can we understand that the model selected for predicting irrigation cost provides a reasonable fit to 
the data. One simple diagnostic is to obtain residuals for the selected model and obtain ACF and PACF of 
these residuals, say up to lag 20. The estimated ACF and PACF were shown in Figure 4.31 to Figure 4.32 
From the figures it was observed that none of the autocorrelations and partial autocorrelations is 
individually statistically significant. In other words, the correlograms of both autocorrelation and partial 
autocorrelation gave the impression that the residual obtained from the selected forecasting model is 
purely random. Hence there might not be any need to look for another ARIMA models.  
 
 

 
 Figure 4.31: ACF of forecasted error   Figure 4.32: PACF of forecasted error 
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4.6.4Simulaton of time path of boro production cost and GWT depth over 20 years 
 

From Figure 4.33, it is found that in 2020, the predicted cost of irrigation of boro rice in Bangladesh 
might be Tk. 13562.45 per hectare (as an example). Considering all other costs remain constant and using 
predicted irrigation cost, the production cost of boro rice can be shown in Figure 4.33. 

 

 
 

Figure 4.33: Simulation of time path of boro production cost rice and GWT depth 
 
4.7 Cropping pattern 
 
 

Table 4.27 provides existing major cropping pattern in the five districts. Based on cropping patterns and 
BCR of different rabi crops, some suggestions might be laid as follows. Boro rice production in Rabi 
season requires higher investment in irrigation and longer period takes in irrigation compare to other 
crops cultivated. Boro rice farmer also receive lowest BCR compare to other winter crops (Table 4.28). 
Considering highest amount of water uses and highest investment for water in boro rice production 
should be reduced as it hampers significantly the reduction of ground water level.As reduction of ground 
water level is very much concerning issues in Bangladesh where a large amount of our land is occupied 
by boro rice cultivation in the winter season. 
 

Table 4.27: Major cropping pPatterns of selected Districts of Bangladesh 
 

Districts Major Cropping Patterns Suggested Crops according to 
cropping pattern and BCR 

Dinajpur 1. Boro-Fallow-T.Amon 
2. Wheat-Jute/Maize/Mugbean-T.Amon 

Wheat production should be 
emphasized 

Rangpur 1. Potato-Boro-T.Amon 
2. Potato-Maize-T.Amon 

Potato/ Maize  production should 
be emphasized 

Bogra 1. Potato-Boro-T.Amon 
2. Mustard-Boro-T.Amon 

Potato/Mustard production should 
be emphasized 

Rajshahi 
1. Wheat-Fallow-T.amon 
2. Mustard-Boro-T.Amon 
3. Chickpea-Fallow-T.Amon 

Wheat/ Chickpea production should 
be emphasized 

Pabna 1. Wheat-Jute-T.Amon 
2. Boro-Fallow-Lentil 

Wheat/ Lentil  production should be 
emphasized 

Source: Respective District Deputy Director’s office, DAE 
 

Table 4.28: Crops and Districts wise BCR 
 

Crops BCR 
Rajshahi Pabna Bogra Rangpur Dinajpur 

Boro 1.12 1.13 1.25 1.22 1.18 
Wheat 1.34 1.36 - 1.31 1.37 
Potato - - 1.35 1.31 1.24 
Mustard 1.30 1.28 1.35 1.28 1.36 
Lentil - 1.49 - - - 
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4.8 Matrix for assessing sustainability of groundwater use for irrigation in NW region of 
Bangladesh 
 

Considering study findings and criteria of the selected indicators, analysis shows that most of them - nine 
out of ten on environmental/technological, one out of three on economic and all three on social aspect do 
not satisfy with the criteria to ensure sustainableility of groundwater use for irrigation in the northwest 
region of Bangladesh (Table 4.29).    
 

Table 4.29. Matrix for assessing sustainability of groundwater use for irrigation 
Sl. 
No. 

Indicators Measurement Study 
findings 

Criteria to 
ensure 
sustainability 

Remarks 

1 Environmental/Technological     
2 River water contribution to 

groundwater 
Change in river water 
contribution to GW over time 

Decrease Increase Not satisfied 

3 Precipitation Amount of rainfall added in the 
GW storage 

Decrease Increase Not satisfied 

3.  Groundwater table Depth of groundwater table Increase Decrease Not satisfied 
4.  Groundwater withdrawals Volume of water used for 

irrigation 
Increase Decrease Not satisfied 

5 Well intensity Nos. per square km Increase Decrease Not satisfied 
6 Excess water  Crop water requirement Decrease Increase Not satisfied 
7 Land use change: 

Information of major crops 
and areas 

Change in crop area  Increase Increase Satisfied 

8 Wetland area Change in wetland Decrease Increase Not satisfied 
9.  Change in crop type Introduction of crop types 

requiring high irrigation 
frequency 

Increase Decrease Not satisfied 

10.  Conservation Conservation of rainwater, SW 
and GW artificial recharge 

Decrease Increase 
 
 

Not satisfied 

 Economic      
11.  Cost of GW use for irrigation Direct cost of 

groundwater 
Increase Decrease Not satisfied 

12.  Financial Profitability Cost and return 
analysis 

Increase Increase 
 

Satisfied 

13.  Economic profitability Shadow pricing of inputs and 
outputs  

Increase Increase Satisfied 

 Social     
14.  Percent of people practicing 

groundwater recharge 
methods 

Groundwater recharging 
method 

 

Decrease Increase 
 

 

Not satisfied 

15.  Percent of people using 
alternative sources of water 
for irrigation than before 

Surface water use for irrigation 
 

Decrease Increase Not satisfied 

16.  Percent of people know about 
harfful effect of stagnant 
water in the field than before 

Harmful effect of stagnant 
water 

Decrease Increase Not satisfied 
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Chapter V 
 

Conclusion 
 

Sustainability of groundwater use for irrigation in northwest Bangladesh has been identified as a matter of 
concern from this study. The key impediments to sustainability of groundwater use for irrigation has been 
identified as over exoplotation of groundwater, increase of boro rice cultivation, excess water use in 
irrigation, depletion of river water level and discharge, reduction of wetland areas, below average rainfall 
have caused the groundwater level falls to the extent of not getting fully replenished in the recharge 
season causing overdraft in northwest Bangladesh.  
 
 

Analysis of the study results reveals positive net return for all the studied crops. Highest benefit cost ratio 
was calculated for lentil followed by wheat and mustard. The domestic-to-border price ratio of studied 
crops was less than unity and significantly negative except mustard for investigated years. The estimates 
of DRC showed that Bangladesh had comparative advantage in all the studied crops production. The 
results of the study implied that production of potato and lentil would be highly efficient for import 
substitution. So, Bangladesh will need to enhance its supply-side capacity and pursue a broad based 
diversified agricultural production and export strategy. 
 

To achieve the goal of food security, the ecological approach with strong community participation is 
missing in using groundwater for irrigation purpose. It is to be stopped and use of groundwater should be 
ecology friendly on the basis of sound policy formulation on recharge of groundwater through water 
conservation and implemented through community participation in all stages. A focal-point organization 
at national level should be identified for planning, execution of concerned activities. It is also imperative 
to follow best irrigation management practices and climate change adaptation techniques for sustainable 
use of groundwater in the area. 
 

Policy level interventions are necessary to achieve sustainable use of groundwater for irrigation aiming to 
to achieve food security of the country as well as protection of ecosystem. Policy formulation on water 
resources after all should be in line with basic policies like National Water Policy (NWP 1999), 
National Agriculture Policy (NAP 2010), Plan of Action on NAP (2008-2015, National Food Policy (NFP 
2006), Country Investment Plan (CIP 2011), National Adaptation Plan of Action (NAPA 2009) 
and National Sustainable Development Strategies (NSDS 2008) etc. and need to be well planned 
with specific time frame. Planning, development and management of groundwater and water resources as 
a whole should be done in line with the formulated policies and strategies. The study has identified a 
number of key areas for attaining sustainability of groundwater use, which will assist in achieving the 
sustainable food security of the country as well protection of ecosystem.  
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Policy recommendation 
 

 

 To encourage high value crop rather than boro in the study area. Emphasis should be given on lentil in 
Pabna district and wheat (except Bogra), mustard and potato (except Rajshahi and Pabna) in other four 
districts because return is higher in these crops. Production of potato and lentil would be highly 
efficient for import substitution. 

 

 An estimated water budget should be prepared that includes recharge, extraction and change in storage 
in the aquifer (s). 

 

 Managed Aquifer Recharge should be undertaken as a national programme and strategy considering 
different regional contexts by adopting a series of activities like harvesting of surface and rain water 
and their storage and conservation through excavation of existing  canals, ponds, khals, and water 
bodies in massive scale. 

 

 Local planners should consider recharge areas when making land use planning decisions that could 
reduce recharge or pose a risk to groundwater quality. 

 

 Strengthen appropriate monitoring organizations for tracking groundwater recharge, surface and 
groundwater use and improvement in surface and groundwater quality. 

 

 Regional cooperation can guarantee a sustained future in terms of water availability since the basin 
areas of the river systems is dissected by international boundaries. 

 

 Water User Association rooted strong small holder irrigation community should be given statutory 
powers to fix rate determined by WRAs/BADC/BMDA.  

 

 Irrigation water price should be determined as a rule on volumetric basis in order to meet equity, 
efficiency and economic principles. The WUA should fix the rate of irrigation cost from private 
tubewell which is much higher than public tubewells.   

 

 Optimization of command area of each DTW and STW though consultation with Water User  
Association where electric connection to pumps is the key component for regulation on GW use and to 
be realized phase wise i.e., with short term, medium term and long term planning.  

 

 Modern water management technology like alternate wetting and drying (AWD), water saving 
technology like hose pipe irrigation, drip irrigation, climate change adaptative technology such as 
drought tolerant crop variety, etc. would bear no value without carrying out irrigation volumetrically.  

 

 Awareness, campaign and advocacy on sustainable water management concepts, principles and 
methods. Department of Agriculture Extension can take a lead for this action. 

 

 Global Best Management Practices on GW might work as guidelines for going into action for the GW 
management of the country. 

 

 National Sustainable Development Strategies by the government is a good effort to achieve 
sustainability in all developmental activities specially GW resources of the country under one 
umbrella.  

 

 Effective coordination and sharing of groundwater data among local, regional and national level and 
improve data analysis and dissemination to the public. Data should be available from the established 
website to continually update new groundwater basin data.  

 

 To establish independent Water Regulatory Authority /Groundwater Directorate (DR) or any other 
existing bodies like BADC, BMDA might be entrusted for establishing governance and management 
of GW resource to fix and regulate the water tariff system and charges as per Policy Framework. 

 

 Plan of Action (PoA) in line with basic policies namely National Agriculture Policy 2010, National 
Food Policy 2006, Country Investmant Plan 2011, National Water Policy 1999, National Adaptation 
Plan of Action 2009, National Sustainable Development Strategies 2008, etc. might be formulated 
under proposed GD or WRA or exsisting BADC or BMDA on short term, medium term and long term  
basis. 
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Appendix 
Appendix A1. Change in crop area over time in northwest region 

Region Crop (1980/81) 
Area (Hectares) Difference Δ  

1980/81 2000/01 2010/11 10/11-00/01 10/11-80/81 
a b c c-b c-a 

Bogra 

Wheat 31152 17603 2885 -14719 -28267 
Boro Rice 23885 238138 256489 18352 232605 
Jute 18672 5304 19810 14506 1138 
Potato 10927 29182 91500 62318 80573 
Rabi Chilies 6490 8160 4957 -3203 -1533 
Sugarcane 5445 3630 2000 -1630 -3445 
Rape & Mustard 3573 6462 10817 4355 7244 
Onion 1721 1271 2156 885 435 
Pusle (Masur) 1599 567 390 -177 -1209 
Rabi Brinjal 1239 1300 1058 -241 -181 
Major crop (Avg.) 104702 311615 392063 80447 287360 

Dinajpur 

Wheat 82119 139648 89049 -50599 6929 
Jute 22717 18190 29394 11204 6678 
Rape & Mustard 18219 16579 8242 -8337 -9977 
Sugarcane 14449 18219 13648 -4571 -802 
Potato 9010 21830 72414 50584 63404 
Boro Rice 7350 199559 286134 86575 278784 
Onion 2344 2397 3549 1152 1205 
Pulses (Mashkalai) 2275 1192 850 -342 -1425 
Rabi Brinjal 1186 1336 1733 397 547 
Rabi Chilies 1073 2870 1740 -1130 667 
Major crop (Avg.) 160743 421820 506753 84934 346011 

Pabna 

Wheat 41962 87543 34667 -52876 -7295 
Jute 29348 22166 50605 28439 21257 
Pulses (Kheshari) 20433 5605 3021 -2584 -17412 
Rape & Mustard 18421 25824 33643 7819 15221 
Boro Rice 16864 170409 202760 32351 185895 
Pusle (Masur) 13320 13810 7891 -5919 -5429 
Sugarcane 9366 6209 5481 -727 -3885 
Pulses (Mashkalai) 8138 3107 3061 -47 -5077 
Potato 2895 3530 3731 200 836 
Onion 2561 3130 31441 28312 28881 
Major crop (Avg.) 163308 341332 376300 34968 212992 

Rajshahi 

Wheat 56996 91709 80351 -11357 23355 
Boro Rice 34480 322283 371496 49212 337016 
Sugarcane 28842 43623 38452 -5171 9610 
Jute 19717 14696 27475 12779 7759 
Rape & Mustard 19030 18502 24637 6135 5606 
Pusle (Masur) 12103 10526 9868 -658 -2235 
Pulses (Kheshari) 9099 6180 2747 -3433 -6352 
Potato 8826 21063 57864 36802 49038 
Pulses (Mashkalai) 7755 7083 9777 2694 2022 
Onion 2642 2646 18638 15993 15997 
Major crop (Avg.) 199490 538312 641307 102996 441817 

Rangpur 

Jute 45336 45870 46315 444 979 

Wheat 100745 91668 20946 -70722 -79799 

Pulses (Kheshari) 14476 1675 654 -1021 -13821 

Boro Rice 11758 348968 465801 116834 454043 

Sugarcane 13789 8830 5606 -3223 -8183 

Rape & Mustard 12947 9713 5436 -4277 -7511 

Potato 9816 35397 99212 63815 89396 

Rabi Chilies 4439 6441 2129 -4313 -2311 

Pulses (Mashkalai) 3239 715 1154 439 -2085 

Onion 2395 2128 3885 1757 1490 

Major crop (Avg.) 218940 551404 651138 99734 432197 
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Appendix A2. Selected agricultural commodity prices at international market 

 

 

Year 

Rice – Thailand 
(5% broken) 

(US $/ton) 

Wheat (US hard 

winter no. 2) 
 (US $/ton) 

Potato 
(US $/ton) 

Mustard 
(US $/ton) 

Lentil 
(US $/ton) 

US Gulf ports US Gulf ports c.i.f import 
price  

c.i.f import 
price 

2005 269 161 157 317 435 

2006 287 181 195 365 435 

2007 304 253 278 314 470 

2008 570 376 270 381 436 

2009 490 245 224 428 824 

2010 430 244 263 428 981 

2011 464 244 229 483 1044 

Source: FAO, Trade Yearbook, various issues, FAO, Food Outlook, various issues, and http://www.faostat.fao.org 
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 Appendix 3. Calculation of import parity border prices for 2011 

Items Rice  Wheat Potato Mustard Lentil 

A.  c.i.f price at port of entry     
Chittagong (Tk/ton) 

37008 27472 20283 34375 74301 

B. Marketing margin from the port of  
entry to the wholesale market 

2278 1980 1777 2199 

 

3397 

         Import handling cost 1110 824 609 1031 2229 

         Transportation cost 1016 1016 1016 1016 1016 

          Domestic trading cost 152 140 152 152 152 

C. Border price at wholesale level    
(A+B) 

39287 29452 22060 36574 77699 

D. Components of the marketing  
spread between the wholesale market to 
the produce level 

19398 1786 1502 2188 

 

15242 

Cost from mill gate to wholesale 994 - -  110 

Milling cost 4242 - -  308 

Adjustment at 67% milling rate for rice 
and 85% for lentil 

12965 - -  11655 

Interest 432 472 260 1044 1150 

Cost from farm gate to mill gate 765 - -  2019 

Cost from farm gate to wholesale - 1314 1242 1144  

E. Border price of farm produce at 
producer level  
(C-D) 

19889 27666 20558 34387 62457 

Source: Own calculation by using different data sets  

 

 

 

 

 



89 
 

 
Appendix 4. Year vs. Actual Irrigation Cost 
 

Year Actual Irrig. Cost (Tk/ha)  Year Actual Irrig. Cost (Tk/ha) 
1987 3863  2000 4527 
1988 3902  2001 4559 
1989 3943  2002 4591 
1990 4012  2003 5224 
1991 4081  2004 7470 
1992 4150  2005 7422 
1993 4219  2006 7374 
1994 4280  2007 8101 
1995 4341  2008 7807 
1996 4402  2009 10725 
1997 4463  2010 10022 
1998 4524  2011 11086 
1999 4495    

 
 

 
 

 
Figure A1. Changes of GWTD and annual Rainfall overtime 
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